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PREFACE  TO  THE  FIRST  EDITION, 


10 


This  vork  is  divided  into  three  parts.  The  first  relates  to  those 
fanmches  of  the  operations  of  engineering  which  depend  on 
geometrical  principles  alone:  that  is  to  say,  Subveting,  Levellikg, 
and  the  8srnNGK)UT  of  works,  comprehended  under  the  general 
name  of  ENOiNEERiHa  Geodest,  or  Field- Wore.  The  second  part 
relates  to  the  properties  of  the  Materials  used  in  engineering  works^ 
3  such  as  earth,  stone,  timber,  and  iron,  and  the  art  of  forming  them 
L^  into  STRxrcnrRES  of  different  kinds,  such  as  excavations,  embank- 
mentSy  bridges,  kc  The  third  part,  under  the  head  of  Combined 
STEUcrruBES,  sets  forth  the  principles  according  to  which  the 
Btruciures  described  in  the  second  part  are  combined  into  extensive 
▼orka  of  engineering,  such  as  Boads,  Eailwajs,  Elver  Improve- 
mentSy  Water- Works,  Canals,  Sea  Defences,  Harbours,  kc 

The  first  chapter  of  the  second  part,  entitled  a  Summa/ry  of  th& 
Frvnaplea  ofStabUUy  and  Strength,  forms  not  so  much  an  integral 
part  of  the  book,  as  a  collection  of  mechanical  principles  and 
fonnuls,  introduced  for  the  sake  of  being  conveniently  referred  to 
in  the  subsequent  chapters,  so  as  to  prevent  their  being  encumbered 
with  mathematical  investigations  to  a  greater  extent  than  is 
absolutely  necessaiy. 

The  third  part,  so  fiir  as  the  details  of  the  designing  and  execution 
of  works  are  concerned,  consists,  to  a  great  extent,  of  references  to 
tbe  first  and  second  parts,  its  special  object  being  to  explain  those 
principles  which  are  peculiar  to  each  class  of  great  works  of 
engineering;  and  which  regulate  the  general  plan  of  such  worka 


Vi  PREFACE. 

The  tables  of  the  strength  of  materials  at  the  end  of  the  Toltime 
give,  as  regards  iron  and  stone^  average  and  extreme  results  only. 
Detailed  information  as  to  the  strength  of  different  kinds  of  stone 
and  iron  is  given  in  the  course  of  the  text^  imder  the  proper 
headings. 

I  have,  throughout  the  book,  adhered  to  a  systematic  arrange- 
ment as  far  as  was  practicable,  and  have  only  departed  from  it  in  a 
few  instances,  when  it  became  necessary  to  introduce  questions  that 
had  arisen,  or  facts  that  had  been  ascertained,  after  the  completion 
of  the  part  of  the  work  to  which  they  properly  belonged.  In 
drawing  up  the  table  of  contents  and  the  alphabetical  index  care 
has  been  taken  to  show  where  such  detached  pieces  of  infoimatioD 
are  to  be  found. 

W.  J.  M.  R 

Glasoow  Golusoe,  6th  JcamBary,  1862. 


PREFACE  TO  THE  SEVENTEENTH  EDITION. 

The  Seventeenth  Edition  has  been  carefully  revised,  and 
additions  made  to  the  Appendix  in  reference  to  some  of 
the  more  recent  advances  in  Civil  Engineering  Science  and 
Practice. 

W.  J.  M, 

Glasgow^  May,  1889. 
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PART  L 

OF  ENGINEEKING  GEODESY;  OR,  SURVEYING, 
LEYELLING,  AND  SETTING-OUT, 


CHAPTER  L 

GENERAL  EXPLANATIONa  i 

1.  8nrf«ylBs»  ijcreiiiMSt  umA  9eitiB9-«at«  compreliend  the  principal 
operations  of  Engineering  Geodesy:  the  object  of  surveyiBg  and 
levelling  being  to  make  a  representation  on  paper  of  the  ground  on 
which  the  proposed  engineering  work  is  to  be  executed;  and  the 
object  of  setting-out  being,  to  mark  upon  the  ground  the  situation 
of  the  proposed  work  preparatory  to  its  execution. 

The  term  ''surveying,  when  used  in  a  comprehensive  sense, 
includes  levelling;  but  in  a  restricted  wefms^,  surveying  is  used  to 
denote  the  art  of  ascertaining  and  representing  the  form  of  the 
ground  and  the  relative  positions  of  objects  upon  it,  as  projected  on 
a  horizontal  surface;  and  levdling,  to  denote  the  art  of  ascertaining 
and  representing  the  relative  elevations  of  different  parts  of  the 
ground,  and  of  objects  upon  it 

2.  Piaa  Mid  SecU^ib — ^The  results  of  surveying,  laid  down  on 
paper  by  the  operations  of  ''plotting"  and  drawing,  constitute  &pUm 
or  ground  plan;  those  of  levelling  are  usually  laid  down  in  the  form 
of  a  vertical  section,  called  more  briefly  a  section  (although  there  are 
other  ways  of  representing  them,  as  will  afterwards  be  explained). 

A  plan  is  a  miniature  representation  of  the  ground  and  the 
objects  upon  it,  and  of  the  proposed  engineering  work,  as  projected 
on  a  horizontal  surface,  that  sur&ce  b^g  represented  by  the  sur- 
&ce  of  the  paper  on  which  the  plan  is  drawn.  A  plan  differs  from 
a  map  chiefly  in  the  scale  on  which  it  ia  drawn,  the  scale  of  a  plan 
being  large  enough  to  serve  for  the  designing  of  engineering  works, 
while  that  of  a  map  is  so  small  as  to  make  it  serviceable  for  the 
purposes  of  travelling  and  geography  only. 

A  vertical  section  shows  the  figure  of  a  certain  line  or  track  on 
the  natural  snifiEU^  of  the  ground,  and  of  the  proposed  work  to  be 
executed  along  that  Une,  and  sometimes  also  that  of  the  internal 
•bata,  as  projected  on  a  vertical  surface,^-that  vertical  sur&oe  beiiig 
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represented  by  the  surface  of  the  paper  on  which  the  section  is  drawn. 
A  certain  straight  line  on  that  paper,  called  the  ^^  cUUtmirline" 
represents  a  fixed  horizontal  sur&ce  at  any  convenient  height  above 
or  depth  below  some  fixed  and  known  point,  called  the  "  dcUuTn' 
point"  Lines  paiullel  to  the  datum-line  represent  in  miniature, 
distances  measured  horizontally  along  the  Hne  or  track  on  the 
earth's  surface  to  which  the  section  relates.  Lines  perpendicular 
to  the  datum-line  represent  in  miniature,  heights  above  or  depths 
below  the  dabum  horizontal  sur&ce.  The  natural  surface  of  the 
ground,  and  the  proposed  work,  are  represented  by  lines,  straight, 
curved,  or  angular,  which  at  each  point  are  at  the  proper  vertical 
distance  from  the  datum-line. 

Li  the  same  section  the  scale  for  horizontal  distances  and  the 
scale  for  heights  may  be  difierent,  if  convenience  requires  it,  as  will 
afterwards  be  more  fully  explained. 

3.  A  BMiBoviai  Sariace  is  a  sur£ftoe  which  is  everywhere  perpen- 
dicular to  the  direction  of  the  force  of  gravity;  such  as  the  sui^&x^ 
of  a  piece  of  still  water.  Its  true  figure  is  very  nearly  that  of  a 
spheroid.  For  a  horizontal  surface  at  the  mean  level  of  the  sea,  the 
dimensions  of  that  spheroid  are  as  follows,  according  to  recent 

calculations : — * 

Feet.  Statute  Milet. 

Polar  axis, 4i,7o7»53<>  =  7899*i55 

Mean  equatorial  diameter, 41,847,662  =  7925-694 

Difference,  or  polar  flattening, 1 40, 126=     26*539 

The  portions  of  the  earth's  surface  represented  by  plans  for 
engineering  purposes  are  usually  so  small  compared  with  the  whole 
earth,  that  a  horizontal  surface  may,  in  most  cases,  be  treated  as  if 
it  were  plane,  without  any  error  of  practical  importance.  In 
plans,  a  flat  piece  of  paper,  and  in  vertical  sections,  a  straight  line, 
represent  a  horizontal  surface  with  as  much  accuracy  as  is  practi- 
cable. In  many  cases  in  which  it  is  necessary  to  take  the  earth  *8 
curvature  into  account,  the  ellipticity  or  polar  flattening  may  be 
neglected,  and  the  figure  of  a  horizontal  surface  may  be  treated  as 
if  it  were  a  sphere  of  the  same  mean  diameter  with  the  spheroid 
before  described ;  that  is  to  say,  very  nearly 

41,778,000  feet  .=  13,926,000  yards  =  7,912J  statute  miles. 

4.  Mfwuw  •riH)agth« — The  standard  measure  of  length  estab- 
lished by  law  in  Britain  Is  the  yard,  being  the  distance,  at  the 
temperature  of  62°  of  Fahrenheit's  thermometer,  and  under  the 

*  AooordiDg  to  Captidn  Clarke,  in  the  Memoirt  of  ike  Rm/al  Attranomical  Society, 
ToL  XXIX.,  the  greatest  and  least  equatorial  axes  are  respectively  41,862,970  feet, 
and  41,842,854  feet;  and  the  lons^iUide  of  the  greatest  axis  is  aboat  14°  £.  of 
Greenwich.  The  polar  axis,  as  Sir  J.  F.  W.  Henchel  has  pointed  oat,  is  almost 
cocaoay  600,500,000  inchea. 
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mean  atmospheric  pressure,  between  two  marks  on  a  certain  bar 
which  is  kept  in  the  office  of  the  Exchequer,  at  Westminster. 

In  addition  to  the  yard,  the  following  units  of  length  are  em- 
ployed for  purposes  of  civil  engineering  in  Britain  :— 

The  lacfa,  one  thirty-sixth  part  of  the  standard  yard;  with 
binary,  decimal,  or  duodecimal  subdivisions. 

The  Vmrnt^  one-third  part  of  the  standard  yard;  with  decimal  or 
duodecimal  subdivisions. 

The  FathMtt  of  two  yards. 

The  chaiB  of  66  feet  or  22  yards;  divided  into  four  poles  of 
5^  yards,  and  100  links  of  7 '92  inches. 

The  siatnte  Mile  of  1 J60  yards  =  d,280  feet  =  80  chains,  divided 
into  8  furlongs.  To  these  may  be  added,  in  cases  of  harbour 
engineering — 

The  iir««tic«i  or  Sca  nuie,  being  the  length  of  one  minute  of  a 
degree  of  latitude  at  the  mean  level  of  the  sea.  The  length  of 
this  mile  varies  in  different  latitudes,  from  about  6,107  feet 
at  the  poles  to  about  6,045  feet  at  the  equator,  its  mean  value 
being  nearly  6,076  feet,  or  1*1508  statute  mile.  A  value 
comnxotdy  taken  for  the  nautical  mile  is  that  of  a  minute  of 
longitude  at  the  equator,  or  6086  feet  =  1*1527  statute  mile. 
The  ziautical  mUe  is  sometimes  subdivided  into  10  cables,  and 
IfiOO/athoms;  the  fathom  thus  obtained  being,  on  an  average, 
aboat  ^th  longer  than  the  common  fathom. 

Amongst  obsolete  measures  of  distance  the  following  may  be 
mentioned,  as  they  occasionally  occur  in  old  plans : — 

The  Irish  Perch  of  7  yards,  being  greater  than  the  imperial  perch 
in  the  proportion  of  14  to  11. 

The  IriahMile  of  320  Irish  perches  =  2,240  yards  =6,720  feet, 
bearing  to  the  statute  mile  the  same  proportion  of  14  to  11. 

The  Scottish  EU  of  37*06  imperial  inches. 

The  Scottish  Fall  of  6  ells,  or  18*53  imperial  feet 

The  Scottish  MUe  of  1,920  ells  =  5929-6  feet 

Each  of  these  miles  is  divided,  like  the  statute  mile,  into  8  fur- 
longs, and  80  chains,  so  that  the  Irish,  Scottish,  and  imperial  mile, 
furlong,  and  chain,  bear  to  each  other  the  proportions — 

6720 :  5929*6  :  5280 
::l-27:    1*123:1*000 

The  French  measures  of  length  are  all  decimal  multiples  and 
sohmultiples  of  the  hetbe,  which  is  approximately  one  ten-millionth 
part  of  -die  distance  fix>m  one  of  the  earth's  poles  to  the  equator. 
19ie  value  of  1  he  m^tre  in  British  measures  is 

3*2808693  feet,  or  39*37043  inches. 


4  •  Eli^aiNEERINO  GEODEST. 

The  KitomeiM  of  1,000  metres,  or  3280*8992  British  feet^  is 

0-621383  of  a  statute  mile. 
For  further  information  of  the  same  kind,  see  the  ComparatiYe 
Table  of  French  and  British  Measures  at  the  end  of  the  yolume. 
'  5.  The  JHeaMrMi  of  Area  used  in  British  civil  engineering  are — 

The  Sqaare  Iiacli. 

The  flfaare  Poot  of  144  square  inches. 

The  SqaaM  Yard  of  9  square  feet 

The  Acre  of  10  square  chainSy  or  100,000  aqiuxre  links,  or  4,840 
'  square  ya/rds,'  subdivided  either  decimally,  or  into  4  roocU  of 
1,210  square  yards,  and  160  perches  of  30^  square  yards. 

The  84«are  iHUe  of  640  acres,  or  3,097,600  square  yards,  or 
27,878,400  square  feet. 

The  Irish  acre,  subdivided  into  4  roods  and  160  perches,  and  the 
Scottish  cu!re,  subdivided  into  4  roods  and  160  falls,  bear  to  the 
imperial  acre  proportions  which  are  the  squares  of  the  propor- 
tions borne  by  the  Irish  and  Scottish  miles  respectively  to  the 
statute  mile;  that  is  to  say, 

Irish  acre  :  Imperial  acre  : :  196  :  121 ; 
Ajso,  Irish  acre  :  Scottish  acre  :  Imperial  acre 
1-6198      :       1-2612        :  1-0000  nearly. 


•     a 


6.  The  oicaMirce  of  Teiame  used  in  British  civil  engineering  aie-^ 

The  Cable  lacli. 

The  Cable  Feet  of  1,728  cubic  inches. 
The  Cable  Yard  of  27  cubic  feet 

In  the  engineering  of  water-works,  the  dallaa  is  used  in  stating 
quantities  of  water.     Its  statutoiy  value  is 

277-274  cubic  inches,  or  0*16046  cubic  foot; 

but  it  is  convenient  in  calculation,  and  in  general  sufficiently  accu*^ 
rate  for  purposes  of  water  supply,  to  use  the  approximate  values. 

One  gallon  ...  =  0*16  cubic  foot,  nearly;  and 
«     One  cubic  foot  =    6^  gallons,  nearly. 

Other  special  measures  of  volume  are  employed  for  certain  kinds  oif 
materials  and  work;  but  these  will  be  explained  further  on. 

7.  Scales  fer  piaac^ — The  scale  on  which  a  plan  is  drawn  means 
the  proportion  which  distances,  as  represented  on  the  plan,  bear  to 
the  corresponding  distances  on  the  ground.  Amongst  continental 
European  nations  it  is  customaiy  to  express  that  proportion  by 
means  of  a  fraction,  such  as  l-10,0U0th.  In  Britain,  it  is  customary 
to  refer  to  two  units  of  length,  a  short  unit  for  the  paper,  and  a 
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long  unit  for  the  ground.  For  example — "six  indies  to  ons  mile** 
expresses  the  scale  which,  according  to  the  continental  system^ 
would  he  called  l-10,560th.  Amongst  continental  nations,  also,  the 
scales  most  commonly  used  are  those  in  which  the  proportion  of  the 
dimensions  of  the  plan  to  those  of  the  ground  is  some  exact  decimal 
fraction,  such  as  l-10,000th  = -0001,  l-2,500th  = -0004,  l-500th  = 
002,  ic(x. ;  in  Britain,  the  scales  most  commonly  used  are  those  in 
which  a  distance  of  a  certain  number  of  miles,  chains,  or  feet  on  the 
ground  is  represented  by  a  distance  of  a  certain  number  of  inches, 
or  aliquot  parts  of  an  inch,  on  the  paper. 

The  magnitude  of  the  scale  which  is  best  suited  for  the  plan  of 
a  particular  survey  varies  according  to  the  minuteness  and  com- 
plexity of  the  objects  to  be  represented.  Thus,  a  larger  scale 
JB  required  in  plans  of  towns  than  in  those  of  the  open  country; 
and  the  smaller  and  more  intricate  the  buildings  and  the  divisions 
of  property  are,  the  larger  should  the  scale  be;  and  a  plan  to  be 
used  in  the  final  designing  and  setting-out  of  works  should  be  on  a 
larger  scale  than  one  to  be  used  for  the  selection  of  a  line  of  communi- 
cation, and  for  preliminary  or  parliamentary  purimses.   (See  p.  803.) 

The  following  table  enumerates  some  of  the  scales  for  plans  most 
commonly  used  in   Britain,  together  with  a  statement  of   the.- 
purposes  to  which  they  are  best  adapted: — 


OvdSony  DetUcntttion 
of  Seal«w 


(1.)  1  inch  to  a  mile,. 


(2.)  4  indm  to  a  mile,...—.. 


(8.)  €  indict  to  a  mil«^. 


Ftaetton  of 

real 
Dimensiona. 


(4.)  6-886  indMi  to  a  mile,. 


68,860 


15,840 

1 
10,560 


10,000 


Scale  of  the  smaller  ordnance  maps  of 
Britain:  Tbia  scale  is  well  adapted 
for  maps  to  be  used  in  exploring  the 
country. 

Smallest  scale  permitted  by  the  stand- 
ing orders  of  parliament  for  the  de- 
posited plans  of  proposed  works. 

Scale  of  tiie  larger  ordnance  maps  ^f 
Great  Britain  and  Ireland.  This 
scale,  being  just  large  enough  to 
show  buildings,  roads,  and  other 
important  objects  dbtinctly  in  their 
true  forms  and  proportions,  and  at 
tlie  same  time  small  enough  to 
enable  the  eye  of  the  engineer  to 
embrace  the  plan  of  a  considerable 
extent  of  conntiy  at  one  view,  is  on 
the  whole  the  best  adapted  for  the 
selection  of  lines  for  engineering 
works,  and  for  parliamentaxy  plans 
and  preliminary  estimates. 

Decimal  scale  poasesslng  the  same  ad- 
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Ordinary  Dealgnatioa 
of  Scate. 


(6.)  400  ftet  to  aa  inch,... 


(6.)  6  cbaixu  to  an  inch,. 


(7.)  16*84  inches  to  a  mile,... 


(8.)  6  diains  to  an  inch,  or] 
16  inches 


in  inch,  or) 
to  a  mile,) 


(B.)  25*844  Snofais  to  a  mile, 


(10.)  200  ftet  to  an  Indi,. 


(11.)  8  chains  to  an  incli,. 


(12.)  100  feet  to  an  inch,, 


(18.)  88  feet  to  an  inch,  or^ 
60  faiches  to  a  mile^/ 

(14.)  68-86  inches  to  a  mile,.. 

(16.)  44  ftet  to  an  inch,  or) 
120  inches  to  a  ndle,) 

(16.)  126-72  ioGhas  to  a  mQe, 


(17.)  80  ftet  to  an  inali,...^... 


18.)  20  fest  to  an  indi,»»>—« 


Fraction  of 

real 
Dlmenalons. 


Use. 


;i«.)  10  ftst  to  an  inolv. 


1 
4,800 

1 
4,762 

_1_ 

4,000 

1 
8,960 


2,600 

1 
2,400 

1 
2,876 

1 
1,200 

1 
1,066 

1 
1,000 

1 

628 

1 
600 

1 
860 

1 

240 
1 

120 
Ac 


Smallest  scale  permitted  by  the  stand- 
ing orders  of  parliament  for  *' en- 
larged plans**  of  bnUdings  and  of 
land  within  the  curtilage  of  boildings. 

Scale  answering  the  same  pnipose. 


Scsles  well  snited  for  the  working 
surveys  and  land  plans  of  gnat 
engineering  works,  and  for  en- 
larged parliamentary  plans. 

(Scale  8  is  that  prescribed  in  the  stand- 
ing orders  of  parliament  for  *'  cross 
sections  **  of  proposed  railways,  show- 
ing alterations  of  roads) 

Scale  of  plans  of  part  of  the  ordnance 
survey  of  Britain,  from  which  the 
maps  before  mentioned  are  reduced. 
Well  adapted  for  land  plans  of  en- 
gineering works  and  plans  of  estates. 

Scale  suited  for  similar  purposes. 
Smallest  scale  prescribed  by  law  for 
land  or  contract  plans  in  Ireland. 

Scale  of  the  Tithe  Commissioners'  plans. 
Suited  for  the  same  purposes  as  the 
above. 

Scale  suited  for  plans  of  towns,  when 
not  very  intricate. 

Scale  of  ordnance  plans  of  the  less  in- 
tricately built  towns. 

Decimal  scale  having  the  same  pro- 
perties. 

Scale  of  ordnance  plans  of  the  mors 
intricately  built  towns. 

Decimal  scale  having  the  same  pro- 
perties. 


) 

> 


Scales  for  special  purposes* 
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8.  Sttim  fiir  gecttowB.  Except  in  a  few  cases  of  rare  oocurrenc^ 
the  teale  for  Iwrizontal  dutanoes  on  a  section  should  be  the  same 
with  the  scale  of  the  plan  with  which  it  corresponds.  One  of  the 
exceptions  is  that  of  the  parliamentary  section  of  a  road  npon 
the  level  or  position  of  which  it  is  intended  to  make  an  alteraticnt 
for  the  purpose  of  carrying  a  railway  across  it,  whether  over 
or  under;  in  this  case,  the  horizontal  scale  of  the  section,  as  pre- 
scribed by  the  standing  orders,  is  to  be  Jive  chains  to  an  inch  (see 
Na  8  in  the  table  of  the  last  article).  The  plan  may  be  on  the 
same  scale,  but  not  necessarily  so;  in  fiict,  its  scale  in  general  is 
much  smalkr. 

The  vertical  scale,  or  scale  for  heightSy  is  almost  always  much 
greater  than  the  horizontal  scale,  because  the  differences  of  elevation 
between  points  on  the  ground  are  in  general  much  smaller  than 
their  distances  apart,  and  require  to  be  represented  on  a  greater 
scale  on  paper,  in  order  that  they  may  be  equally  conspicuous  to  the 
eye;  and  also,  because  in  the  execution  of  engineering  works, 
aocoracy  in  levels  is  of  more  importance  than  accuracy  in  horizontal 
position,  and  vertical  heights  should  be  represented  with  greater 
predaion  than  horizontal  distances^  The  proportion  in  which  the 
vertical  scale  is  greater  than  the  horizontal  scale  is  called  the 
emfffferation  of  the  scale.    The  following  table  gives  some  examples : 


(L)  100  tet  lota  Inch, 


(t)40iHttDaiiiiich, 


d^  80  feet  ton  flush, 


(4)S0ftiltoMlilld^ 


Ftaetion 
of  real 
Hdgbt 


1,200 


1 
480 


1 

860 

1 
240 

etc* 


Horixontal  Scales 

wltb  which  the 

Vertfeal  Scale  Is 

nsaally  oombloed. 


i-.to-_l 


16,840      10,560 


l^to_JL 


4,800        8,960 


l.to_JL 


8,960        2,876 


i-to_i 


8,960        2,876 


gecadoiL 


Vwn 
18-2  to  8-8 


10  to  8-26 


11  to  6-6 


16-6  to  9*9 


SmaUert  acola  per- 
mitted hj  the 
stmdhi^  oixlen 
of  psrlUimttt  flxr 
•ectknu   of  pio* 

pOStti  WOlfcL 

Smallest  scale  per* 
mitted     by    the 

of  parliament  Ibr 
cross  wectioDs, 
showing  altera- 
tions of  roads. 


Scales  soitableftr 
wadupgseotiooa. 
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Yertical  sections  wUhoiU  exaggeration^  showing  the  horizontal 
and  yertical  dimensions  of  the  ground  in  their  real  proportions  to 
each  other,  are  required  at  the  sites  of  proposed  large  works  in 
masonry,  timber,  and  iron,  such  as  viaducts.  These  sections  are 
in  general  drawn  on  a  laiger  scale  than  the  vertical  scale  of  the 
ordinary  working  sections. 

0.  Jiicthods  la  Sarreriag. — There  are  two  principal  methods  fol* 
lowed  in  surveying,  each  characterized  by  the  elementary  mathe- 
matical process  which  it  involves :  the  method  ofdUAancsea  and  offsets^ 
used  for  filling  up  the  details  of  a  survey,  and  the  method  of  triangles^ 
used  chiefly  for  ascertaining  the  positions  of  certain  eiatlone^  but 
occasionally  applied  to  filling  up  the  details  also. 

FiBST  Method — ^By  Distances  and  Offsets. 

In  fig.  1,  A  is  the  representation  on  paper  of  a  station,  or  fixed 
and  marked  point  on  the  ground,  and  A  D  that  of  a  line  extending 

from  A  in  a  known  direction*  To 
ascertain  and  lay  down  the  position 
of  a  point  0  relatively  to  A,  a  per- 

pendicular  is  let  fall  on  the  ground 

^    from  C  upon  A  D,  meeting  that  line 

*   *  in  B;   the  distance  A  B  and  offset 

BO  are  measured,  and  these  being  laid  down  on  the  plan  to  a 
suitable  scale,  the  point  0  on  the  plan  which  represents  0  on  the 
ground  is  marked  ov  plotted.  In  some  cases  the  angle  at  B  may  be 
some  measured  oblique  angle  instead  of  a  right  angle;  but  in  most 
cases  it  is  a  right  angle.  This  is  the  method  of  surveying  by 
distances  and  offsets,  and  is  that  by  which  the  details  of  a  survey 
axe  in  almost  all  cases  filled  in. 

The  same  figure  may  be  taken  as  representing  the  elementary 
operation  of  levelling,  if  A  D  be  held  as  marking  the  datum  hori- 
iDontal  sur&ce,  and  0  B  the  height  above  that  surface  of  a  point 
O,  whose  horizontal  distance  from  A^  the  commencement  or  the 

flection,  is  A  & 

Second  Method — ^Bt  TauNGLsai 

A  and  B,  upon  the  paper,  represent  two 
stations  or  points  on  the  ground,  whose 
relative  position — that  is,  their  distance 
apart,  and  the  direction  of  the  line  joining 
them — has  been  ascertained.  It  is  re- 
quired to  ascertain  and  lay  down  on  the 
*«fr  2.  paper  the  position  of  a  third  point  0  rela- 

tively to  those  two.  This  is  to  be  done  by  measoring  any  two  out 
of  the  following  four  quantities : — 
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the  distaoces  A  C  and  B  C; — 
the  angles  0  A  B  and  C  B  A,— 

and  plotting  or  laying  down  on  the  paper  the  representation  either 
of  the  quantities  actnallj  measured,  or  of  others  calculated  from 
them.  The  ohject  of  such  calculation  is  in  most  cases  to  lay  down 
the  distances  A  C  and  B  C  on  paper^  when  the  angles  at  A  and  B 
have  been  measured  on  the  ground;  for  on  the  ground,  angles  are 
more  easily  measured  with  precision  than  distances ;  and  on  paper^ 
distances  can  be  laid  down  more  accurately  than  angles. 

10.  Cm  •r  TrigoaoMccrr. — The  figure  to  be  measured  on  tho 
ground  and  laid  down  on  the  paper  being  in  most  cases  a  triangle, 
the  branch  of  mathematics  by  which  the  necessaiy  calculations  are 
to  be  performed  is  that  which  relates  to  the  figures  and  dimensions 
(^triangles:  that  is,  Trigonohetrt. 

When  the  triangle  formed  by  the  three  points  is  of  such  extent 
that  the  curvature  of  the  earth  may  be  neglected,  its  sides  are 
sensibly  straight  lines,  and  the  rules  of  Flcme  Trigonometry  are  to 
be  used  When  the  curvature  of  the  earth  has  a  sensible  effect, 
the  sides  of  the  triangle  are  to  be  considered  as  being  nearly  arcs  of 
circles,  of  a  radius  equal  to  that  of  the  earth,  and  recourse  must  be 
had  to  Spherical  TrigoTiometrf/.  This,  however,  is  of  rare  occurrence 
in  surveys  made  expressly  for  engineering  purposes.  The  principles 
of  spherical  trigonometry  are  also  occasionally  required,  when  an 
ang^e  has  been  measured  on  an  inclined  plane,  to  compute  the  cor- 
responding angle  as  projected  on  a  horizontal  plane. 

In  Chapter  IIL  will  be  given  a  summary  of  those  trigonometrical 
farmalm  which  are  useful  in  surveying. 

11.  The  Cteacval  Order   •f  Opcmti^ns  !■   EngtBcerlng   Ocodcar 

is  the  foUowing,  or  nearly  so : — 

L  The  reconnaissance  at  exploring  of  the  country  by  the  engineer, 
with  a  view  to  ascertaining  in  a  general  way  the  facilities  which 
it  affords  for  the  proposed  work,  and  determining  approximately  the 
best  sate  or  course  for  that  work.  In  this  process  the  engineer 
will  pay  attention  to  the  geological  structure  of  the  ground,  and 
the  sources  from  which  us^ul  materials  may  be  obtained :  he  will 
be  aided  by  obtaining  the  best  existing  maps  or  plans  upon  a 
suitable  scale,  if  any  such  are  to  be  had,  and  by  the  takiug  of— 

n.  Joying  levels, — ^These  are  observations  for  ascei-taining  the 
elevations  of  detached  points  of  primary  importance  as  regards  the 
practicability  and  cost  of  the  work,  and  the  selection  of  the  line 
far  it;  sach  as  passes  across  ridges  and  valleys,  and  points  where 
structures  of  magnitude  may  be  required. 

The  engineer  having  thus  determined  generally  where  his  pro* 
posed  work  will  be  situated,  proceeds  to  make  a  more  definite 
adection  of  its  site,  by  the  aid  of — 
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III.  Prdimiruvry  Trial  SectioTis,  made  by  taking  continnoos 
lines  of  levels  in  which  distances  as  well  as  heights  are  measured. 
These  may,  or  may  not,  be  accompanied  by  a  rotigh  aurvei/  and 
f^n, — ^the  necessity  for  which  will  depend  very  much  on  the 
character  of  the  existing  maps.  The  engineer  is  now  enabled  to 
determine  the  site  of  the  work  with  a  degree  of  precision  depend- 
ing on  the  care  and  skill  that  have  been  bestowed  on  the  pre- 
liminary operations,  and  to  fix  accordingly  what  extent  of  ground 
is  to  be  embraced  in  the — 

.  IV.  Detailed  Swrvey  and  PlaUy  as  to  the  conduct  of  which 
further  remarks  will  be  made  in  Article  12.  The  time,  labour, 
and  money  expended  on  this  survey  will  be  the  less,  the  greater 
the  precision  with  which  the  best  line  hafi  been  found  by  means  of 
the  preUminary  operations. 

Y.  AddUumal  Trial  Sections,  both  longitudinal  and  transverse, 
are  now  to  be  made  with  the  aid  of  the  detailed  plan,  so  as  to 
fix  exactly  the  best  line  for  the  proposed  work  that  can  be  found. 

VI.  Marking  the  Lvm. — The  line  so  fixed  is  to  be  drawn  on  the 
plan,  and  marked  on  the  ground  by  stakes,  or  other  suitable 
objects.     (See  Article  13.) 

YII.  The  Detailed  Section  is  now  to  be  prepared  by  careful 
and  accurate  levellings,  so  as  to  exhibit  a  datum  horizontal  line^ 
a  line  representing  the  surface  of  the  ground,  and  a  line,  or  lines, 
marking  the  levels  of  the  proposed  work.  Certain  heights  and 
other  information .  should  be  marked  in  figures,  as  will  afterwards 
be  explained.     (See  Articles  14,  15,  and  16.) 

VIII.  Trial-Pita  and  Borvnge  will  be  proceeded  with,  while  the 
levelling  for  the  detailed  section  is  in  progress,  in  order  to 
ascertain  the  strata  of  the  gix>und.  Borings  are  the  less  costly,  in 
time,  labour,  and  damage  to  the  ground;  but  pits  are  the  more 
satisfactory  to  the  engineer  and  the  contractor.  The  results  of 
the  trial-pits  and  borings  may  be  marked  on  a  plan  and  section 
for  the  use  of  the  engineer.  (See  Article  17.)  Further  remarks 
will  be  made  on  these  matters  under  the  head  of  earthwork. 

IX.  Designs  and  Estimates, — ^The  engineer  will  now  design  the 
structures  required  for  the  proposed  work  with  sufficient  precision 
to  enable  him  to  estimate  their  probable  cost,     (See  Article  17.) 

X.  ParliameTitary  Proceedings. — In  the  event  of  its  b^g 
necessary  to  apply  for  an  act  of  parliament  for  the  execution  of 
the  work,  a  plan  and  section  and  book  of  reference  to  the  plan 
will  be  prepared,  and  copies  of  them  deposited  in  certain  publio 
offices,  in  conformity  with  the  standing  orders  of  the  House  of 
Lords,  and  also  with  those  of  the  House  of  Commons.  No 
attempt  is  made  in  this  treatise  to  give  any  summary  of  those 
standing  orders,  because,  as  they  are  liable  to  be  amended  and 
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Added  to  m  each  session  of  parliament,  the  only  means  of  enstiring 
compliance  with  them  is  for  the  engineer  to  provide  himself  with  a 
copy  of  the  standing  orders  for  the  session  during  which  the  act  is 
to  be  applied  for.  Those  for  a  preyious  session,  even  for  that 
immediatelj  preceding,  are  nnsafe  guides. 

XL  InvpromTig  lAnea  arid  Lends ^  under  Powers  of  Deviatum, — 
In  the  first  preparation  of  the  plan  and  section  of  a  work  requiring 
the  authoiity  of  parliament,  there  is  seldom  or  never  time  to  select 
the  best  line  and  levels  with  precision.  In  order  to  afford  an 
opportunity  for  afterwards  amending  the  line  and  levels,  powers  of 
deviating  from  those  shown  on  the  parliamentary  plan  and  section 
are  taken,  the  extent  of  the  power  of  lateral  deviation  being 
indicated  on  the  plan  by  dotted  lines.  The  usual  extent  of  those 
powers  of  deviation  is,  laterally,  100  yards  either  way  in  the 
country,  and  10  yards  either  way  in  towns;  and  vertically,  five 
(eest  upwards  or  downwards  in  the  country,  and  two  feet 
upwards  or  downwards  in  towns ;  but  greater  or  less  powers  are 
conferred  in  special  cases.  After  the  act  of  parliament  has  been 
obtained,  the  engineer  will  avail  himself  of  the  power  of  deviation 
to  make  the  work  more  economical,  or  otherwise  to  improve  it. 
The  following  four  operations  will  then  proceed  together  : — 
XIL  Survey  for  Lcmd  FUms, — If,  as  is  often  the  case,  the 
previous  survey  referred  to  under  Operation  iy.,has  been  executed 
too  hastily,  or  plotted  on  too  small  a  scale,  to  serve  for  the  plans 
that  are  to  be  used  in  the  purchase  of  land  and  execution  of  the 
woric,  a  more  accurate  survey  must  now  be  made  for  that  purpose ; 
but  this  new  survey  being  confined  to  the  ground  finally  selected 
for  the  site  of  the  work,  will  be  of  comparatively  small  extent. 
(See  Article  18.) 

XTTI.  Banging  and  Setting-out  the  Litis,  consists  in  marking,  by 
stakes  or  otherwise  on  the  ground,  the  centre  line  of  the  proposed 
work,  as  finally  fixed. 

XIV.  Working  Sections  are  prepared  by  taking,  with  great  care 
and  precision,  the  levels  of  the  ground  along  the  finally  selected 
ceotre  line,  and  as  many  lines  of  transverse  sections  as  may  be 
neoeflsary,  plotting  the  results  on  a  sufficiently  large  scale  (see 
Article  8,  p.  7),  and  drawing  on  the  sections  of  the  ground  so 
made,  lines  to  represent  the  intended  levels  of  the  work.  (See 
Articles  14,  15,  and  16.) 

XT.  Setting-out  tha  Breadths  of  Land  required  for  the  work  is 
performed  both  on  the  ground  and  on  the  land  plans  after  those 
tnadtbs  have  been  calculated 

The  land  required  can  now  be  fenced,  and  the  execution  of  the 
woik  proceeded  witL 

11  •idcr  m€  OwenMmam  te  the  SciiilMI  Wmwwmr* — ^It  will  now  be 
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stated,  in  greater  detafl,  what  steps  are  taken  in  making  the  sorvey 
referred  to  under  Head  IV.  of  Article  11,  p.  10. 

(a.)  Sdedting  Principal  Stations. — The  surveyor,  making  a  general 
exploration  of  the  ground  to  be  surveyed,  will  choose  a  series  of 
stations  placed  generally  on  the  highest  and  most  open  ground;  ao 
that  each  station  may  command  as  extensive  a  view  as  possible  of 
the  ground  to  be  surveyed,  and  that  a  pole  or  other  signal  placed 
at  each  station  may  be  distinctly  visible  from  the  neighbouring 
stations.  These  stations  should  also  be  chosen  so  that  the  imagi- 
nary lines  connecting  them  with  each  other,  and  with  a  series  of 
conspicuous  objects  in  their  neighbourhood,  such  as  towers  and 

^  spires,  may  cover  the  district  to  bo 

surveyed  with  a  network  of  large 
triangles,  having  no  angle  less  than 
30°,  or  more  than  150°;  two  angles 
at  least  of  each  triangle  being  acces- 
pp  sible  stationa 

With  the  exception  of  harbours^ 
most  great  engineering  works  are 
long  lines  of  communication,  sucb 
as  railways,  roads,  and  canals;  and 
the  survey  required  for  a  work  of 
that  sort  embraces,  in  general,  & 
long  narrow  band  of  coimtry,  usuaUy 
about  a  quarter  of  a  mile,  and  seldom 
more  than  half-a-mile  wide.  Let  the 
two  dotted  lines  in  fig.  3  represent 
part  of  the  band  of  country  to  be 
surveyed ;  the  principal  stations.  A, 
B,  0,  D,  E,  &c,y  are  to  be  chosen  bo 
as  to  form  the  junctions  of  a  series  of 
straight  lines  running  along  that 
band,  each  line  as  long  as  may  be 
practicable  consistently  with  obtain- 
ing good  points  for  stations.  These 
are  called  base  lines,  or  principal 
station  lines.  The  network  of  tri- 
angles is  to  be  completed  by  select- 
ing a  series  of  latexul  objects,  F,  Q, 
H,  &c,  which  may  be  high  buildings^ 
conspicuous  trees,  &c 
The  principal  stations  are  to  be  marked  permanently  by  stakes^ 
and  temporanly,  when  required,  by  poles  and  flags. 

(ft.)  Ranging  Principal  Station  Lines, — ^When  the  lines  are  of 
great  length,  or  have  uneven  ground  and  other  obstacles  in  tiieir 


Fig.  8. 
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ooime,  it  may  be  necessaiy  to  mark  intermediate  points  in  them 
by  staJces  and  poles,  as  well  as  the  extremities.  This  is  always 
neoessary  when  there  are  parts  of  a  station  Une  from  which  its  ends 
are  not  visible. 

(c)  Mcnn  Triemgtdatum,  Chaming  Base  Lines, — The  survey 
of  the  network  of  great  triangles  might  be  made  by  measuring  one 
bsse  line  only,  and  finding  the  lengths  of  aU  the  other  sides  of 
triangles  by  calculation  £rom  their  angles.  But  for  the  purposes  of 
the  long  narrow  surv^  required  for  engineering  projects,  it  is 
more  convenient  to  measure  each  of  the  principal  station  lines  AB, 
BC,  CD,  iiCj  by  the  chain,  in  order  to  ascertain  the  positions  of 
intermediate  points  suitable  for  secondary  stations,  and  also  of  the 
points  where  the  principal  station-lines  cross  roads,  fences,  streams, 
and  other  objects  on  the  ground.  The  term  *^  base  line*'  is  specially 
applied  to  station  lines  which  are  thus  directly  measured.  The 
relative  directions  of  the  base  lines  are  determined  by  measuiing 
theangle8..«ii:ABC,  .«^BCD,  ^^CDE,<&c.  The  measurements 
of  the  angles  made  by  distant  objects  with  the  base  lines,  such  as 
^ABF,  .^FBC,  ^CBG,  ^BCF,  ^BCG,  ^GCD, 
.^  D  C  H,  dKs.y  serve,  by  the  aid  of  trigonometrical  calculation,  to 
check  the  accuracy  of  the  other  linear  and  angular  measurements, 
ttB  will  afterwards  be  shown. 

This  combination  of«linear  and  angular  measurement  is  called 
im/cerwng.  It  has  now  been  described  as  practised  on  a  great 
scale,  with  principal  station  lines  of  several  miles  in  length;  but  it 
is  also  practised  on  a  small  scale  in  surveying  objects  wMch  are 
long,  narrow,  and  winding,  such  as  roads  and  streams. 

(dL)  Secondary  Triangles, — The  surveyor  will  choose  a  set  of 
secondary  stations,  some  in  the  course  of  the  principal  station  lines; 
as,  a,  6,  c,  d,  e,/,— others  at  convenient  lateral  poin1»;  as,  g,  h,  i,  j,  k, 
I,  m,  n;  the  whole  so  situated  that  the  lines  connecting  them, 
which  form,  a  network  of  smaller  or  secondary  triangles,  may  lie 
sufficiently  near  to  the  fences,  streams,  biuldings,  and  other 
objects  of  detail,  to  enable  these  to  be  surveyed  from  them  by 
the  first  method  of  Article  9,  p.  8, — ^that  is,  by  distances  and 
oflseta. 

(e.)  Survey  of  Details.  —  This  may  be  performed  wholly  by 
means  of  distances  and  ofGsets;  but  time  and  trouble  may  often  be 
saved  by  the  occasional  use  of  angular  measurements. 

In  onier  to  save  time,  trouble,  and  money  as  far  as  possible^  the 
five  operations  which  have  just  been  emmierated  should  be  carried 
on  either  together  or  alternately. 

13.  M^imtameetf  lieTels*  and  •Cher  Inforaiatlon  frritlm   on  Plan. — 

When  the  plan  shows  the  centre  line  of  a  railway,  canal,  or  other 
line  of  communication,  a  scale  of  distances  is  to  be  marked  along 
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the  whole  of  its  length,  commencmg  at  one  of  its  ends  or 
"termini"  According  to  standing  orders  "which  have  been  in 
force  for  many  years,  that  scale  of  distances  on  the  plan  of  a  pro- 
posed railway,  is  to  show  each  mile  and  furlong  from  the  com- 
mencement of  the  centre-line  J  all  radii  of  curves  which  do  not  exceed 
one  mile  are  to  be  written  on  the  plan  in  fu/rlongs  and  chadna; 
and  the  lengths  of  proposed  tunnels  in  yards.  The  information  thus 
written  on  the  plan  is  useful  to  the  engineer,  independently  of 
its  being  prescribed.  It  is  also  useful  to  the  engineer,  although 
not  prescribed,  to  have  the  levels  of  important  points  written  on  the 
plan,  or  shown  by  the  aid  of  contottr  lines  (which  will  be  further 
explained  afterwards),  especially  when  the  plan  is  to  be  used  in 
selecting  a  line. 

14.  JDIstaaces,  DBtiim-|»oliit,  Helghtt,  and  other  Informattoa  writtm 

•B  the  Seed  OB. — The  horizontal  datum-line  of  the  section  should  have 
marked  on  it  a  scale  of  distances  corresponding  with  those  marked 
along  the  centre-line  on  the  plan,  in  order  that  corresponding 
points  on  the  plan  and  section  may  be  readily  found ;  and  great 
care  should  be  taken  that  horizontal  distances  on  the  plan  and 
section  exactly  agree. 

Alongside  the  datum-line  on  the  section  there  should  be  a 
written  statement  of  the  elevation  or  depression  of  the  horizontal 
surface  which  it  lepresents  as  compared  with  what  is  called  the 
"  Datum  fixed  point;**  that  is,  a  well-marked  and  easily  found  point 
on  some  permanent  object,  which  (as  prescribed  in  the  standing 
orders  of  parliament)  should  be  "  near  one  of  the  termini  "  of  the 
proposed  work.  The  chief  requisites  of  an  object  for  that  piirpose 
are,  permanence  of  position  and  easy  identification;  so  that,  on 
the  whole,  some  portion  of  the  masonry  of  a  building  (a  public 
building,  if  possible),  such  as  the  upper  side  of  a  window-siU, 
plinth,  or  string-course,  may  be  considei^  as  the  best.  Door-sills  are 
deficient  in  permanence  because  of  their  liability  to  be  worn  down  by 
thefeet  of  persons  passinginand  out ;  nevertheless,  they  are  frequently 
used  as  datum-points,  and  not  objected  to.  The  upper  sur&ce  of  the 
rails  of  a  railway  at  some  specified  point  is  often  referred  to  as 
a  datum,  and  considered  sufficient,  although  its  elevation  is  far 
from  being  permanent.  Amongst  objects  utterly  unsuitable  for 
this  purpose  may  be  mentioned,  all  surfaces  whose  levels  are 
continually  changing,  how  slight  soever  the  change  may  be,  such 
as  the  "top  water  level"  of  a  canal,  and  all  ideal  horizontal 
surfaces. 

Amongst  other  information  to  be  marked  in  writing  on  a  section 
are,  the  heights  of  the  principal  parts  of  the  proposed  work  above 
the  horizontal  datum-line,  and  in  particular,  in  the  case  of  a  rail- 
way, those  of  the  upper  surface  of  the  rails  at  the  points  whore  th^ 
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mdinatian  Taries;  the  several  rates  of  inclination  of  proposed  rail- 
ways, and  of  roads  to  be  altered  for  the  purpose  of  making  them^ 
the  greatest  depths  of  cuttings  and  heights  of  embankments ;  the 
lengths  of  tnnnels  and  viaducts;  the  alterations  of  level  and  in* 
dination  to  be  made  in  existing  lines  of  communication;  the 
characier  of  the  structures  to  be  used  for  passing  them,  whether 
bridges  over-  or  under,  or  level  crossings;  and  in  the  case  of 
proposed  bridges  for  existing  roads,  the  width  of  roadway  which 
they  will  provide,  and  if  they  pass  over  the  roads,  the  height  ol 
headroouL.  So  far  as  those  items  of  information  are  required  by 
the  standing  orders  of  parliament,  reference  must  be  made  for 
details  to  those  standing  orders  themselves,  as  has  been  already 
stated  under  Head  X.  of  Article  11. 

A  working  section  should  state,  in  writing,  the  level  of  the 
ground,  the  level  of  the  proposed  work,  and  the  height  of  embank- 
ment or  depth  of  cutting,  at  every  point  of  the  ground  whose  level 
has  been  taken ;  those  quantities  Hbeing  found  by  calculation,  not 
by  measurement  on  the  paper.  It  should  also  state  the  positions 
and  levels  of  all  "  Bench  marks." 

15.  Beacii  Marks  are  fixed  objects  whose  levels  are  known, — in 
fact,  subordinate  datum-points, — distributed  along  the  course  of  the 
iatended  work,  at  distances  of  from  half-a-mile  to  a  mile,  and  near 
the  sites  of  all  intended  structures  of  importance,  such  as  bridges. 
If  suitable  existing  objects  cannot  be  found,  the  heads  of  lai'ge 
stakes  driven  for  the  purpose  will  answer.  They  should  be  placed 
where  they  wiU  not  be  disturbed  during  the  execution  of  the 
work. 

16.  CheeUin^  i<oTeia  consists  in  taking  the  levels  of  points  over 
again,  to  test  the  correctness  of  previous  levelling.  In  preliminary 
and  parliamentary  sections,  the  levels  of  the  more  important  points 
only,  such  as  summits  of  hills  and  bottoms  of  valleys,  crossings  of 
existing  lines  of  communication,  and  bench  marks,  require  to  be 
checked  ;  for  working  sections,  every  level  taken  should  be  checked. 

17.  Sattanafea  and    Boring*  marked    on    Plan  and    fltectloa. — It 

Is  useful  to  the  engineer  to  have  a  copy  of  the  plan  and  section  of 
a  proposed  work  on  which  the  results  of  trial-pits  and  borings  are 
marked,  and  the  estimated  cost  of  each  part  of  the  work  written 
opposite  to  its  position  on  the  paper. 

18.  Centre  lAne  mm  a  Base  for  I<aBd-Plaa   Sanrer* — When  the 

centre  line  of  a  proposed  railway  has  been  carefully  ranged  and 
staked  out,  it  may  be  used,  whether  straight  or  curved,  as  a  base 
for  the  secondary  triangulation  of  the  survey  for  the  land-plans, 
the  great  triangulation  being  dispensed  with,  and  each  stake 
r^arded  as  a  station  in  the  survey. 

Id.  JDaiMiie  19  Property  to  he  avoided* — All  operations  of  engi- 
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neering  field-work  ought  to  be  so  conducted  as  to  do  as  little 
damage  as  possible  to  the  property  traversed. 

20.   AmMgenient   ml  the  enaalBg  ClmpCen. — The    operations    of 

surveying,  levelling,  and  setting-out,  having  been  enumerated  and 
explained  in  a  general  way  in  the  present  chapter,  the  remaining 
chapters  of  this  part  will  be  devoted  to  the  explanation  of  details 
relative  to  certain  branches  of  the  subject,  in  the  following 
order : — 

Surveying  with  the  chain. 

Surveying  by  angular  measurements. 

Levelling. 

Setting-out  works. 

Marine  surveying. 

Ck>pying,  enlarging,  and  reducing  plans. 

The  explanation  of  some  of  the  peculiarities  of  surveys  for 
|Murticular  classes  of  works  will  be  reserved  until  those  works  them- 
f^lves  come  to  be  considered. 


CHAPTER  IL 

OP  SUBVEYXNG  WITH  THE  CHAIN. 

21.  nbirks  mn4  Siffnaia. — The  marks  fixed  at  stations  to  enable 
Qiem  to  be  readily  found  arc  usually  stakes,  of  size  and  strengtli 
sufficient  to  guard  against  the  risk  of  their  being  disturbed.  In 
most  cases  they  should  be  driven  to  the  head,  or  nearly  so.  If,  for 
a  particular  station-mark,  greater  permanence  is  desired  than  can 
be  obtained  by  means  of  a  stake,  a  block  of  stone  may  be  used, 
having  a  cross  cut  on  its  upper  surface. 

When  a  mai'k  fixed  at  the  station  itself  would  be  liable  to  be 
disturbed,  four  stakes  may  be  driven  so  that  the  intersection  of  the 
straight  line?  joining  them  diagonally  may  mark  the  station ;  or 
two  or  more  stakes  may  be  driven,  and  the  distances  of  the  station 
from  them  measured  and  noted  down ;  or  the  distance  of  the  station 
from  any  two  or  more  well-defined  permanent  objects,  such  as 
comers  of  buildings,  may  be  measured  and  noted  down ;  or  if  two 
permanent  objects  can  be  found  which  lie  in  one  straight  line  with 
the  station,  that  fact  can  be  noted,  together  with  the  distance  of 
the  station  from  one  of  the  objects.  The  points  where  station-lines 
cross  fences  are  mai^ked  by  notches  upon  timber  and  grooves  upon 
istone. 

The  engnals  set  up  at  stations  to  make  them  visible  from  a  dis- 
tance usually  consist  of  poles,  with  or  without  flags.  Ordinary  poles, 
to  be  carried  about  in  the  field,  may  be  from  six  to  nine  feet 
long,  painted  in  alternate  lengths  of  black  and  white,  and  shod  with 
iron.  For  flags,  although  white  is  the  colour  that  is  seen  farthest, 
red  IB  more  generally  employed,  as  being  more  easily  distinguished 
from  surrounding  objects  by  those  who  have  no  defect  in  the  per- 
ception of  colour.  To  mark  the  ends  of  long  station-lines,  poles  of 
greater  lengths,  such  as  twenty  or  thirty  feet,  are  often  required; 
these  generaUy  need  rope  stays  to  keep  them  upright 

Great  care  should  be  taken  to  set  up  and  keep  all  poles  in  a  truly 
vertical  position ;  and  tall  permanent  poles  should  be  adjusted  by 
means  of  a  plumb-line. 

Por  the  temporary  marking  of  points  in  surveying  details,  bits  of 
paper  are  used,  held  in  cleft  sticks.     These  are  called  "  whites,** 

c 
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To  fisusilitate  the  ranging  of  long  station-lines,  it  is  useful  to 
choose  them,  when  opportunities  occur,  so  as  to  run  directly  towards 
some  conspicuous  existing  object,  such  as  a  tree,  a  spire,  or  a  large 
chimney. 

22.  The  swreying  Chaiit.— For  measuring  with  extraordinary 
accuracy  the  bases  of  national  trigonometrical  surveys,  rods  of  glass 
and  of  metal  have  been  used — a  connection  for  expansion  by  heat 
being  made  either  by  calculation  or  by  mechanism:  also,  steel 
chains,  made  of  flat  links  connected  at  the  ends  by  pins,  and  sup- 
ported in  accurately  levelled  troughs,  the  tension  being  maintained 
constant  by  a  weight  hanging  over  a  pulley,  and  the  correction  for 
expansion  made  by  calculation. 

In  ordinary  surveys  for  engineering  works  so  great  a  degree  of 
accuracy  is  unnecessary;  and  the  instrument  generally  used  for 
measuring  distances  is  the  common  surveying  chain,  which  consists 
of  one  hundred  straight  links  of  iron  or  steel  wire  of  equal  length, 
having  eyes  on  their  ends,  and  connected  together  by  oval  rings. 
There  are  usually  three  of  those  rings  between  each  pair  of  straight 
links.  The  joints  of  the  rings,  and  those  of  the  eyes  of  the  links, 
should  be  welded :  the  chain  is  thus  rendered  much  less  liable  to 
stretch  than  if  those  joints  are  open.  Each  distance  of  ten  links 
from  either  end  of  the  chain  is  marked  by  a  peculiarly  shaped  piece 
of  brass,  so  that  the  mark  at  ninety  links  from  one  end  is  similar 
to  that  at  ten  links,  that  at  eighty  links  to  that  at  twenty,  and  so 
on,  the  middle  of  the  chain  being  marked  by  a  round  piece  of  brass. 
At  each  end  of  the  chain  is  a  haodle. 

The  chain  should  measure  its  correct  length  from  outside  to  oul- 
side  of  the  IiancUes. 

As  every  chain  which  is  in  daily  use  in  the  field  is  liable  to  have 
its  length  increased  by  the  continual  strain  upon  it,  and  diminished 
by  the  bending  of  the  links,  and  by  dirt  getting  into  the  rings,  it 
ought  to  have  its  length  tested  every  day  by  comparison  with  a 
*'  standard  chain,"  used  for  the  sole  purpose  of  testing  other  chains, 
or  with  two  marks  on  a  wall,  or  on  a  pair  of  stakes,  whose  distance 
apart  has  been  very  accurately  adjusted.  The  length  of  the  working 
chain,  when  found  to  be  erroneous,  can  be  corrected  by  straighten- 
ing the  links  and  cleansing  the  rings,  and  by  hammering  the  latter 
so  as  to  make  them  longer  or  shorter  as  may  be  required. 

The  chains  most  commonly  used  in  Britain  are,  "Gunter's  Chain" 
of  66  feet  (in  which  each  link  is  *6 6  of  a  foot  or  7*92  inches),  and 
the  chain  of  100  feet.  Tlie  advantages  of  Gunter*s  chain  are,  its 
being  an  exact  decimal  frtu;tion  of  a  mile  (one-eightieth,  or  *01 25), 
and  the  square  described  upon  it  being  one-tenth  of  an  acre.  The 
100-foot  chain  has  the  advantage  of  giving  at  once  dimensions  in 
feet^  which  are  convenient  in  the  calculation  of  quantities  of  work. 


T?8B  OF  THE  SUBYETINO  CHAIK.  IS 

When  a  **  chain"  is  spoken  of  without  qnalificatioii,  Gunter*8  chain 
is  meantb 

The  chain  is  nsuallj  aocompanied  hj  ten  skewers  called  ''arrowSy" 
made  of  iron  or  steel  wire,  having  a  point  at  one  end  and  a  large 
ling  at  the  other,  marked  with  a  piece  of  red  doth  to  make  it 
visible  from  a  distance.  Some  surveyors  prefer  to  use,  in  chaining 
long  lines,  nineteen  arrows,  nine  of  iron  or  steel,  and  ten  of  brass. 

The  chain  is  carried  by  two  men,  called  respectively  the  "leader" 
and  the  ''follower."  In  measuring  the  length  of  a  station-line,  the 
follower,  in  a  crouching  attitude,  holds  one  end  at  the  conmienoe- 
ment  of  the  line,  and  the  leader,  carrying  with  him  all  the  arrows, 
fixes  his  eyes  on  the  object  which  marks  the  distant  end  of  the  line, 
and  walks  straight  towards  it,  dragging  the  other  end  of  the  chain 
along  with  him.  When  the  chain  is  tightened,  the  leader  crouches 
<lown  at  one  side  of  the  line,  holding  near  the  ground  an  arrow 
exactly  upright,  in  the  same  hand  which  grasps  the  handle  of  the 
chain.  The  follower  sees  that  the  chain  is  tight,  straight,  and 
nn^itangled,  and  directs  the  leader  by  words  or  gestures  so  as  to 
make  him  stick  the  arrow  into  the  ground  exactly  in  the  align- 
ment* The  leader  and  follower  then  rise,  and  advance  until  the 
follower  reaches  the  arrow  that  marks  the  end  of  the  first  chain- 
length,  and  proceed  to  lay  off  a  second  chain-length  and  fix  a  second 
antyw  as  before,  and  so  on.  The  follower  picks  up  the  arrows  as  he 
advances,  so  that  by  counting  the  arrows  in  his  hand  he  can  tell  at 
any  moment  how  many  entire  chain-lengths  have  been  measured. 
On  fixing  the  tenth  arrow,  the  leader  cries  in  a  loud  voice  "ten," 
or  "change;"  the  sorveyor  notes  in  Ins  field-book  that  ten  chains 
have  been  measured;  the  leader  stands  still  until  the  follower  has 
advanced  to  him  and  handed  him  the  nine  previously  picked-up 
arrows;  the  follower  holds  his  end  of  the  chain  at  the  mark  made 
by  the  tenth  arrow,  which  the  leader  (if  there  are  ten  arrows 
only)  then  picks  up,  and  advances  with  all  the  ten  arrows  in  his 
hand  to  commence  the  measurement  of  the  next  ten  chains.  If 
thoe  are  nine  iron  arrows  and  ten  brass  ones,  the  leader,  having 
expended  all  the  iron  arrows  in  marking  the  first  nine  chains,  marks 
the  end  of  the  tenth  chain  with  a  brass  arrow;  and  when  the 
follower  comes  up  to  him,  takes  only  the  nine  iron  arrows,  leaving 
the  brass  arrow  to  be  picked  up  by  the  follower  when  the  next 
chain-length  has  been  measured.  In  this  case  the  follower,  at  any 
moment,  can  tell  the  number  of  entire  tens  of  chains  which  have 

*  Mr.  HttkoII  {Emguiwring  Field-worV)  judicionslT  reeommends  that  words  alone 
be  and  for  Ibb  porpoee.  in  order  that  the  leader  may  fix  his  eyes  oo  the  antnr,  and 
keep  it  exactly  TcrticaL  the  follower  directing  him  to  move  it  to  one  aide  or  the 
e^er  hy  earing  **  to  you  **  and  "  from  joa,"  and  to  fix  it  in  the  groond  by  the 
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been  chained  by  counting  the  brass  arrows  in  Lis  hand,  and  tlie 
number  of  chains  over  and  above  the  entire  tens  of  chains  by  count- 
ing the  iron  arrows;  and  thus  a  check  is  kept  upon  the  number  of 
entire  tens  of  chains  noted  in  the  surveyor's  field-book.  At  the 
end  of  each  hundred  chains  the  leader  receives  back  all  the  brass 
arrows  as  well  as  the  iron  ones. 

If  the  leader  takes  care  while  advancing  to  keep  his  eyes  fixed 
on  the  signal  at  the  distant  end  of  the  line,  he  will  be  able  to  di-ag 
the  chain  forward  in  the  true  alignment  with  very  little  dii'ection 
from  the  follower. 

The  follower  while  advancing  should  allow  the  chain  to  slacken, 
and  should  take  care  to  keep  it  clear  of  the  arrow,  and  of  objects 
which  may  entangle  it. 

As  the  chaining  goes  on,  the  surveyor  notes  the  distances  from 
the  commencement  at  wliich  the  station-line  crosses  all  fences, 
boundaries,  banks  of  streams,  sides  of  roads,  and  other  objects  to 
be  shown  on  the  plan ;  also  where  it  crosses  other  station-lines,  and 
where  points  occur  suitable  for  intermediate  stations  in  the  sui-vey. 

23.  Ckaintng  oa  a  Decliirilr — Bedactioa  to  the  IjctcI. — In  chain- 
ing up  or  down  a  slope,  the  distance  actually  measured  must  be 
reduced  on  the  plan  to  the  projection  of  that  distance  on  a  hori- 
zontal plane.  The  most  convenient  way  of  effecting  this  is  by 
means  of  a  correction  in  links  and  fractions  of  a  link  to  be  deducted 
from  each  chain.  This  correction  being  known,  may  be  applied 
mechanically  during  the  chaining,  by  pulling  the  chain  forward  at 
each  chain-length  through  a  distance  equal  to  the  required  correction. 
The  following  are  various  formulae  for  computing  the  correction : — 
When  the  angle  of  inclination  has  been  measured  by  a  "clino- 
meter" or  other  angular  instrument; 

Con*ection  in  links  per  chain,  =  100  x  vei'sed  sine  of  inclination,  (1.) 

When  the  vertical  fall  in  links  for  each  cliain  of  distance  on  the 
sloj^e  is  known ; 

Correction  in  links  per  chain  =  100  -  ^T0";;000^all2;  (2.) 

and  when  the  slope  is  gentle,  the  following  approximate  formula 

will  answer : — 

fall* 
Correction  in  links  per  chain  =  ^  t^  nearly (3. ) 

To  save  calculation,  most  clinometers  and  theodolites  have  the 
correction  for  declivity  marked  on  the  "limb"  or  graduated  arc 
on  which  angles  in  a  vertical  plane  are  measured. 

Experienced  surveyors  learn  to  estimate  tliis  correction  with 
considerable  accuracy  by  the  eye. 

Its  use  may  often  be  dispensed  with  by  stretching  the  chain  in  a 
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horizontal  position ;  the  np-hill  end  tonching  the  groond,  and  the 
point  on  the  ground  exactly  below  the  down-hill  end  being  found 
by  means  of  a  plumb-line,  or  a  ranging  pole  held  vertically,  or  by 
dropping  an  arrow  or  a  stone.  This  process  is  called  sUpping^  and 
may  be  carried  on  by  half-chains  or  shorter  distances,  instead  of 
whole  chains^  on  tctt  steep  ground. 

24.  OffMtt  (to  which  reference  has  already  been  made  in  Article 
9,  IMvision  L,  p.  8)  are  ordinates  or  transrv^erse  distances,  measured 
fh>m  known  points  in  a  station-line  to  objects  whose  position  is  to 
be  ascertained;  such  as  bends  and  intersections  of  fences,  of  the 
sides  of  roads,  of  the  banks  of  streams,  and  of  other  boundaries^ 
comers  of  bmldings,  and  so  forth.  The  surveyor  notes  in  his  field-- 
book  the  distance  in  links  from  the  commencement  of  the  station- 
line  at  which  the  offset  is  made  (  A  B,  ^g,  1,  p.  8),  and  the  length 
of  the  ofilset  (B  C  in  the  same  figure);  the  side  of  the  jiage  on  which 
the  latter  is  noted  showing  at  which  side  of  the  station-line  the 
offset  lies,  as  will  be  further  explained  in  Article  28. 

Ofi&ets  are  almost  always  at  right-angles  to  the  station-line:  To 
ensure  accuracy  they  should  seldom  exceed  about  one  cliain  in  length 
(although  offsets  of  two  or  three  chains  may  be  made  to  boundaries 
which  are  nearly  parallel  to  the  station-Line);  and  the  secondary 
station-lines  from  which  the  details  of  the  ground  are  surveyed 
should  be  laid  out  accordingly.  The  position  and  direction  of  short 
aSaeis  may  be  laid  off  by  the  eye;  but  the  longer  offsets,  especially 
if  they  run  to  important  objects,  should  be  laid  off  by  letting  fiill  a 
perpendicular  from  the  object  (at  which,  if  necessary,  a  pole  or  a 
''white*'  may  be  placed)  upon  the  station-line,  by  means  of  the 
•*  cross-stafiT  or  of  the  "  optical  square." 

The  Cross-Staff  is  simply  a  staff  with  a  spike  on  the  lower  end, 
and  two  pair  of  sights  at  right  angles  to  each  other  at  the  upper 
end. 

The  Optical  Square,  which  has  almost  superseded  the  cross-staff, 
is  a  brass  box,  containing  two  small  silvered  plate-glass  mirrors, 
whose  planes  make  with  each  other  an  angle  of  4o°;  so  that  every 
ray  of  light  which  falls  upon  the  first  mirror,  and  is  thence  reflected 
to  the  second  mirror,  is  again  reflected  from  the  second  mirror  in  a 
direction  at  right  angles  to  its  original  direction.  A  portion  of  the 
second  mirror  is  unsilvered,  so  that  the  surveyor  can  see  through 
it.  He  places  himself  on  the  station-line,  and  looks  through  tJbe 
unsilvered  glass  towards  the  signal  at  one  end  of  it,  and  then  moves 
backwards  and  forwards  along  the  station-line  until  he  sees  the 
reflected  image  of  the  latend  object  apparently  coinciding  in  direc* 
tion  with  the  signal  on  the  station-line ;  the  directions  of  those  two 
objects  are  then  at  right  angles,  and  the  point  on  the  ground  directly 
bdow  the  optical  square  is  the  commencement  of  the  ofiset  reqnirei 
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To  adjust  tlie  optical  square,  make  a  rest  for  it  by  driving  a  picket 
or  small  post  (which  may  be  called  A)  four  and  a-half  or  five  feet 
high,  with  a  flat  top.  Set  up  a  pole  two  or  three  chains  off  in  any 
convenient  direction  (which  pole  may  be  called  B) ;  look  towards  it 
through  the  unsilvered  glass;  send  an  assistant  to  set  up  a  second 
pole  (C)  in  such  a  direction  that  its  reflected  image  apparently 
coincides  in  direction  with  B.  Then  the  lines  A  B  and  A  C  are  or 
ought  to  be  at  right  angles.  In  the  same  way,  let  the  assistant  set 
up  a  third  pole,  D,  at  the  same  angular  distance  from  C,  and  a 
fourth  pole,  E,  at  the  same  angular  distance  from  D.  Then  on 
looking  directly  towards  E,  if  the  optical  square  is  correctly  adjusted, 
the  reflected  image  of  B  will  be  seen  apparently  coinciding  in  direc- 
tion with  E.  Should  it  not  be  so,  correct  one  quarter  of  the  error 
by  means  of  the  adjusting  screw  which  acts  upon  one  of  the  mirrors^ 
and  repeat  the  whole  operation  until  the  adjustment  is  exact. 

The  purpose  of  an  optical  square  may  be  answered  by  a  5oa> 
seootantf  the  index  being  set  to  90°.  This  instrument  will  be 
described  in  Chapter  III.  Lines  at  right  angles  to  each  other 
may  sometimes  be  marked  on  the  ground  by  setting  out  with  the 
tape-line  or  chain  a  right-angled  triangle  of  any  convenient  dimen- 
sions ;  the  proportions  of  the  sides  being  determined  by  the  principle, 
that  the  sum  of  the  squares  of  the  sides  which  enclose  the  right 
angle  is  equal  to  the  square  of  the  hypothenuse,  or  side  opposite 
the  right  angle. 

Amongst  the  proportions  of  whole  numbers  which  fulfil  that 
condition  are  the  following  : — 


Sides  enclosing  Um 

Hypo- 

right  I 

angle.    - 

theniue. 

3 

4 

:        5 

5 

12 

:       13 

7 

24 

:      25 

8 

15 

:       17 

20 

21 

:       29 

The  most  useful  of  these  { 

)roportiona 

is  the  first  and  simplest, 

3 

4 

:        5.* 

*  The  following  is  a  general  method  for  finding  any  number  of  sets  of  whole  nanH 
hers  which  are  proportional  to  the  sides  of  right-angled  triangles. 

Choose  any  two  numbers  wbstsoerer,  m  and  n,  01  being  the  greater;  and  If  thqr 
■n  eithfif  both  even,  or  both  odd,  make 

0»mn;  y  =--^  ;  «= — ._  ^. 

bnt  if  one  is  oren  and  the  other  odd,  maltiply  each  of  the  above  expressions  by  2. 
Then,  ar*+y»=s»; 

and  X,  y,  and  e  are  proportional  to  the  three  sides  of  a  right-angled  triangle  a 
tjNmding  to  the  hypothenose. 
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When  two  persons  are  available  to  measui'e  the  lengths  of  offsets^ 
either  a  second  chain-  or  a  Tape-line  may  be  used.  The  surveyor 
may  measure  offsets  without  assistance  with  the  offset-staff, — a  light 
and  strong  wooden  pole  tipped  with  brass  or  iron,  ten  links  long 
from  end  to  end,  and  divided  into  links. 

25.  Obii^ae  Ofltfeia  may  be  made,  if  convenient,  with  the  aid  of 
an  angular  instrument,  such  as  a  box-sextant  or  a  light 
theodolite,  to  measure  the  angles  which  they  make  with 
the  station-line.  But  in  surveying  by  linear  measure- 
ments alone,  oblique  offsets  are  made  in  pairs  from 
different  points  in  the  station-line  to  the  same  object, 
in  order  to  determine  its  position  with  more  accuracy 
than  is  attainable  by  a  single  rectangular  ofSset.  For 
example  (see  fig.  4.),  the  position  of  the  object  D  is 
found  by  measuring  to  it  a  pair  of  offsets,  B D,  CD, 
from  two  different  points,  B  and  C,  in  the  station-line 
ABC.  This  process,  in  £eu;t,  belongs  to  the  method  of 
surveying  by  tria/ngles,  B  I>  C  being  a  triangle  of  which 
the  three  sides  are  measured. 

The  nearer  the  angle  between  the  two  offsets,  -^ 
B  D  C,  approaches  to  a  right  angle,  the  more  accurately 
is  the  position  of  the  object  determined;   and  care 
should  therefore  be  taken  to  make  that  angle  neither  veiy  acute 
nor  very  obtuse. 

If  a  check  on  the  accuracy  of  the  operation  is  desired,  a  third 
offset,  E  D,  may  be  measured  to  the  object  from  a  third  point,  E, 
in  the  station-line. 

The  principal  objects  for  which  the  additional  accuracy  given  by 
oblique  offsets  is  desirable,  are  comers  and  inter- 
sections of  boundaries,  angles  of  buildings,  mile-posts, 
and  the  lika  When  the  object  is  a  comer  of  a 
building,  such  as  D  in  ^.  5,  it  is  convenient  to  make 
each  of  the  of&ets,  if  possible  (or  at  all  events  one 
of  them),  lie  in  a  straight  line  with  a  face  of  the 
building,  and  so  to  determine  the  direction  of  such 
&oe  orfacea, 

Ko  general  rules  can  be  laid  down  for  surveying 
ihe  details  of  an  intricate  building,  except  that  in 
many  cases  a  rectangle  may  be  set  out  so  as  to 
enclose  it,  and  the  sides  of  that  rectangle  used  as 
station-lines  from  which  to  take  offsets  to  the  faces 
and  corners  of  the  building.  To  survey  some 
buildings  completely  it  is  necessary  to  have  access 
to  the  inside.  Fig.  5.  ^ 

26.  ciMiMd  TriwBglM. — ^It  has  already  been  stated  in  Articlw 
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9  and  12,  that  the  relativo  positions  of  different  station-lines^  and 
of  the  stations  which  they  connect,  are  determined  by  so  arrangiDg^ 
them  as  to  form  a  complete  network  of  triangles  over  the  district 
surveyed.  In  the  absence  of  angular  instruments,  the  figure  of 
each  of  those  triangles  must  be  determined  by  measuring  with  the 
chain  the  length  of  each  of  its  sides. 

In  fig.  6,  let  A  B  represent  a  station-line  whose  length  and 

position  are  known ;  C,  a  third  station  lying 
^^T*;:;;^;^  T"**  out  of  the  line.    Then  by  measuring  the  two 

remaining  sides,  AC,  BC,  of  the  triangle 
A  B  C,  so  that  the  lengths  of  all  its  three 
sides  may  be  known,  the  position  of  C  is 
detennined. 

Agreeably  to  the  principle  already  noted 
in  the  last  article,  that  determination  is  the 
more  accurate  the  less  the  angle  ACB  differs 
from  a  right  angle.     Supposing  a  certain. 
Fig-  C.  error  to  have  been  committed  in  measuring 

one  of  the  lines  BO  or  AC,  the  consequent  error  in  finding  the 
position  of  C  is  equal  to  the  original  error  if  AC  B  is  a  right  angle; 
but  if  that  angle  is  either  acute  or  obtuse,  the  error  in  the  position 
of  C  is  greater  than  the  original  error  in  the  proportion  of  the 
cosecant  of  the  angle  AC  B  to  radius. 

Triangles  in  which  the  angle  at  the  point  to  be  determined  is  less 
than  30°,  or  more  than  150*^,  are  said  to  be  "  ill-conditioned,**  and 
are  avoided  by  skilful  surveyors.  In  an  ill-conditioned  triangle,  the 
error  in  the  position  of  C  is  more  than  double  of  the  corresponding 
error  in  the  measurement  of  a  side  of  the  triangle. 

The  accuracy  of  the  measurements  in  every  important  triangle 
should  be  checked  by  measuring  a  '*  tie-line  **  from  one  of  its  angles 
to  a  known  point  in  the  opposite  side,  such  as  CD  in  fig.  6.  The 
agreement  of  the  length  of  that  line  with  the  result  of  the  measure- 
ments of  the  sides  may  be  tested  on  the  plan  when  plotted.  It  may 
also  be  tested  by  calculation ;  for  if  all  the  measurements  are  correct, 
the  following  equation  will  be  verified, 

CD3^^^-«P/3^i^^-AD-DB (1). 

27.  Ci«p«  !■  Stmti^B-iJiica. — A  long  station-line,  otherwise  well 
adapted  for  its  purpose,  may  have  one  or  more  places  in  its  course 
through  which,  owing  to  the  intervention  of  buildings,  woods, 
precipices,  water,  swamp,  or  other  obstacles,  it  may  be  difficult  or 
impossible  to  chain  along  the  line  with  accuracy;  and  in  some  cases 
also  it  may  be  impossible  to  range  the  line  directly  across  the 
'bstade.     These  difficulties  are  most  readily  met  by  the  use  of 
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angaLir  inetmiiieiits ;  but  in  the  absence  of  sach  instramentay  the 
chiun  alone  may  be  used,  aoconding  to  methods  which  may  be 
varied  to  suit  the  circumstances  of  each  particular  caaa 

Three  kinds  of  cases  may  be  distingoished : — Firsts  those  in 
which  the  obstacle  can  be  seen  over  from  side  to  side,  and  chained 
round,  but  not  chained  across.  Secondly^  those  in  which  it  can 
neither  be  seen  over  nor  chained  across,  but  can  be  chained 
round ;  and  Thirdly,  those  in  which  the  obstacle  can  be  seen  over, 
but  neither  be  chained  across  nor  chained  round. 

In  each  of  the  iigiires  that  illustrate  this  article,  the  inacoessiblA 
part  of  the  station-line  is  marked  by  dots,  and  the  direction  in 
which  the  measurement  proceeds  is  indicated  by  an  arrow. 

Case  I. —  Wlien  t/ie  obstacle  can  he  seen  over,  the  first  operation 
is  to  plant  a  nuiging  pole  in  the  station-line  at  the  further  side  of 
the  obstacle ;  and  the  problem  to  be  solved  is,  to  find  the  distance 
to  that  pole  from  some  point  already  chained  to  on  the  neazer 
side. 

FiBST  Method  (By  a  parallel  line,  see  fig.  7). — 
Let  A  and  D  be  marks  at  the  nearer  and  further 
sides  of  the  obstacle  respectively.  By  the  optical  square 
or  otherwise,  range  A B,  DC,  at  right  angles  to  the 
station-line;  make  these  perpendicuk^  equal  to  each 
other,  and  of  any  length  tlu^  may  be  requisite  in  order  to 
chain  past  the  obstacle  along  B  C,  which  will  be  parallel 
and  equal  to  A  D,  the  distance  required ;  that  is  to  say, 

AD  =  BC (L) 

Seoosb  Method  (By  a  triangle,  see  fig.  8). — A  and 
I)  as  before  being   points  in  the  station-lme  at  the  nearer  and 
farther  sides  of  the  obstacle,  set  out  a  triangle  A  B  C  of  any  form 
and  size  that  will  conveniently  enclose  the  obstacle, 
subject  only  to  the  conditions,  that  B  and  0  are  to 
be  ranged  in  one  straight  line  with  D,  and  that  ^V*""-^^..^  n 
the  angles  at  B  and  C  are  neither  to  be  veiy     \        T^^c 
acate  nor  Teiy  obtusa  Measure  with  the  chain  the       \      i       / 
lengths  AB,  AC,  BD,  D  C.  Then  the  inaccessible         \    j    / 
A  D  is  given  by  the  formulai,  \  / 
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1 


Fig.  8. 


the  oomputation  of  which  will  be  much  facilitated 
by  the  use  of  a  table  of  squares. 

That  distance  may  also  be  found  by  plotting  the  triangle  and 
the  point  D  in  its  base  on  a  sufficiently  large  scale,  and  meaauring 
A  D  on  the  paper. 
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Tlie  figui-e  of  the  obstacle  may  be  surveyed  by  offsets  from  the 

sides  of  the  triangle.  t  x   j:       a 

Thibd   Method  (By  two  triangles,  see   %.   9).  —  Liet  o  and 

c  be  points  in  the  station-line  at  the  nearer 
and  further  side  of  the  obstacle  respectively, 
jjw     From  a  convenient  station  A,  chain  the  lines 
;^^       ^^' .       A  6,  A  c,  being  two  sides  of  the  triangle  Abe; 
\^^J       »      connect  those  lines  by  a  line  B  C  in  any 
:b        "^-*.V     position  which  will  form  a  well-conditioned 
^^  triangle  ABC,   of  as   large  a  size    as   is 
practicable:   measure  its  three  sides.     Then 
the    inaccessible   distance   is  given    by  the 
Fig.  9.  formula, 

6c=>y/|a6«  +  Ac2-.;^|^.(AB2+AC2-BC*;},.(3.) 

The  following  modification  of  this  formula,  though  less  simple  in 
appearance,  is  better  adapted  to  computation  by  the  help  of  a  table 
of  squares ; 

/fA72     A    J        (A6  +  Ac)2-(A6-Ac)2 
^^  =  V    {^^'^^^'^(AWAC)^^(AB.ACf 

(AB2  +  AC2-BC2).l  (3A.) 

The  points  B  and  C  are  shown  in  the  first  instance  as  lying 
between  A  and  the  station-line;  but  if  necessary,  they  may  be 
taken  in  the  prolongations  of  A  c  and  A  b  beyond  the  station-line,  as 
at  B'  and  C,  or  in  their  prolongations  beyond  A,  as  at  B"  and  C", 
and  the  same  formula  will  still  apply. 

The  formula  is  much  simplified  if  A  B  and  A  C  can  be  laid  off  so 
«s  to  be  respectively  proportional  to  A 6  and  Ac;  for  then  the 
triangles  ABC  and  Abe  become  similar,  B  C  is  parallel  to  6  c,  and 
the  inaccessible  distance  is  simply 

^-^^•^ <^) 

In  this  method,  as  well  as  in  the  preceding,  the  inaccessible  dis- 
tance may  be  found  by  plotting. 

Case  II. — When  the  obstacle  can  be  chained  round,  btU  noi 
chained  across  Tior  seen  over, 

EiBST  Method  (By  parallel  lines,  see  fig.  10). — From  A  and 
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By  two  points  in  the  station-line  on  the  nearer  side  of  the  obstacle^ 
and  at  least  as  £Eir  apart  as  the  distance  across  it  is  judged 
to  be,  lay  off,  by  the  optical  square  or  otherwise,  the 
eqnal  peqiendicolars  A  C,  B  D,  of  length  snfficieiiC  to  ^ 
enable  a  straight  line  C  D  £  F,  parallel  to  the  station- 
line,  to  be  ranged  and  chained  past  the  obstacle.     Com- 
mence the  chaining  of  this  parallel  line  at  D,  in  con-  ^ 
tinnation  of  that  of  the  station-line  at  B.     As  soon  as  the 
obstacle  is  passed,  lay  off  the  perpendicuhir  E  G  equal  to 
A  C  and  B  D ;  then  G  will  be  a  point  in  the  station- 
line  beyond  the  obstacle,  and  the  inaccessible  distance 
willbe  ^ 


BG  =  DE (5.) 


i 


d 


By  oontinning  the  parallel  line  and  I'epcating  the  same  c' 
process,  additional  points  in  the  station-line,  such  as  H,    -.    ' 
may  be  found.  '^' ^''• 

Seookd  Method  (By  similar  triangles,  see  fig.  11). — From  a 
point  A,  as  £Eur  back  as  practicable  from  the  end  B  o^  the  chained 
station-line  on  the  nearer  side  of  the  obstacle, 
range  two  diverging  lines  A  F,  A  E,  past  the 
two  sides  of  the  obstacle,  in  which  measure  the 
distances  A  D,  A  C,  of  two  points  D  and  0, 
which  lie  in  one  straight  line  with  B.  Con- 
tinue the  chaining  of  A  F  and  A  E,  and  make 
those  distances  respectively  proportional  to  A  D 
and  A  C,  so  that  ADC  and  A  F  E  may  be 
amilar  triangles.  Measure  D  C,  in  which  note 
the  position  of  B.  Measure  E  F,  in  which 
take  the  point  G,  dividing  E  F  in  the  same 
latio  in  which  B  divides  C  D ;  then  G  will  be 
a  point  in  the  station-Hue  beyond  the  obstacle ; 
sod  points  still  further  on  may  be  found,  if 
neoesary,  by  a  similar  process. 

The  inaccessible  distance  B  G  is  found  by  the  formula, 


Fig.  11. 


BG  = 


ABCE 
AC 


(C.) 


The  boundaries  of  the  obstacle  can  be  surveyed  by  offsets  from 
the  sides  of  the  quadrilateral  C  D  F  K 

Third  Method  (By  transversals,  see  figs.  12,  13).  — Let  a  and 
h  be  two  points  in  the  chained  station-line  at  the  near  side  of  the 
obstacle,  about  as  far  apart  as  the  inaccessible  di.stance  h  e  ia 
judged  to  be.     Mark  a  station  C  so  as  to  form  a  well-conditioned 
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triangle  with  a  and  h;  prolong  the  lines  b  C  and  a  0  until  two 
points  A  and  B  are  reached  through  which  a  straight  line  can  b© 
ranged  and  chained  past  the  further  side  of  the  obstacle. 

In  some  cases  it  may  be  advisable  to  begin  by  choosing  the 
stations  A  and  B,  then  to  choose  C,  and  then  to  range  the  lines 
BCa,  and  AC6(asinfig.  12),  or  A  5  C  (as  in  fig.  13). 


FjV.  13. 


Ffff.  12. 

All  the  sides  of  the  two  triangles  A  B  C,  a  6  C,  are  to  bo 

measured.  ^  .        •         •  t 

Then,  to  find  the  point  g  at  the  intersection  of  the  Nation-line  tou^ 

A  B,  compute  the  distance  of  that  point  from  B  by  one  or  other  of 

the  following  formulae  : — 

K  c  lies  in  A  B  produced,  as  in  fig.  12, 

AB-aB-60 


If  c  lies  between  A  and  B,  as  in  ^g.  13, 


(7.) 


AB'aB'bC    (7  A.) 

^       Ca-Ab-^aBbO  ^       ^ 

Kext,  to  find  (lie  inaccessible  distance  b  c,  use  the  following  formula 
(which  is  applicable  to  both  figures)  : — 

ab'kb'BO 


bc^ 


CA-aB-A6-BC 


(8.) 


The  same  problems  may  also  be  solved  by  plotting  the  figure 
ube  ABO  a,  and  producing  a  b  till  it  cuts  A  B,  a«  in  ^.  13,  or 
A  B  produced,  as  in  fig.  12.  In  a  purely  mathematical  point  of 
view  it  is  unnecessary  to  measure  both  A  B  and  a  6,  as  either  of 
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those  lines  might  be  calculated  from  the  other ;  but  both  should 
nevertheless  be  chained,  as  a  check  on  possible  errors.* 

Case  IIL  —  When  the  obstacle  can  he  seen  over,  but  neither 
chained  across  nor  dhained  rownd,  Tliis  is  the  case  of  a  station- 
line  interrupted  by  a  deep  ravine,  or  a  deep  and 
mpid  river.  The  first  operation,  as  in  Case  I,  is  to 
range  and  fix  a  pole  at  c  (fig.  14)  in  the  station- 
line  beyond  the  obstacle.  The  next  is  to  find 
the  distance  h  c. 

^  FissFT  Method  (By  transversals). — On  the  nearer 
side*  of  the  obstacle,  range  the  stations  A  and  B  in  ^; 
a  straight  line  with  c,  making  the  angle  b  cB 
greater  than  SC*,  and  place  them  so  that  the  inter- 
secting lines  A  6,  B  a,  connecting  them  with  two 
points  a  and  6  in  the  station-line,  shall  form  a  pah* 
of  well-conditioned  triangles  a  6  C,  A  B  C,  as  in  the 
last  problem.  Measure  the  sides  of  these  triangles, 
and  compute  the  inaccessible  distance  6  c  by  equation  8,  already  given. 

As  a  check  upon  the  position  thus  found  for  the  point  c,  com- 
pute abo  the  inaccessible  distance  B  c  by  means  of  equation  7. 

This  problem  is  solved  graphically  by  plotting  the  figure  ab 
c A  B  C  a,  and  producing  a  b  and  A  B  till  they  intersect  in  c.t 

Second  Method  (By  the  optical  square,  when  the  inaccessible 
distance  does  not  much  exceed  three  or  four  chains, 
Bee  fig.  15).  B  D  being  the  inaccessible  distance,  at 
B,  with  the  optical  square,  set  out  B  C  perpendiciilar 
to  the  station-line,  and  of  a  length  such  as  to  make 
B  C  D  a  well-conditioned  triangle.  At  C,  with  the 
optical  square,  range  C  A  perpendicular  to  C  D,  •^ 
catting  the  station-line  in  A.  Measure  A  B,  B  C ; 
ihea 

BD  =  |-^ (0.) 


Fig.  14. 


AB 


Fig.  15. 


*  The  following  «re  the  formulxe  for  calculating  A  B  from  ab: — 

BC«+CA«-|^^(JC«  +  C  a.-a60} 


InKg.  12;    AB  =  yv/   jl 
lQFig.18;    AB^/k/  |] 


BC«+CA»  +  ^^-i~j.(6C*  +  Ca«-a6o|  • 

To  eompate  a  h  from  A  B,  interchaoge  the  poaitions  of  A  and  a,  B  and  fr,  throngli- 
<M  the  above  Jbrmols. 

t  The  aoliitioiia  of  thla  and  the  preceding  problem  are  fonnded  on  Ihe  first  theorem 
h  Gnaot's  celebrated  e«ay  On  the  Theory  of  Transvenals ;  a  branch  of  Geometry 
>t  OMB  dmpte  in  ita  prindplea  and  useful  in  its  applications,  but  little  Isnown  or  studied. 

Ths  Cilcolation  represented  by  the  formula  7,  when  each  of  the  f;iven  distances  ia 

""     •  by  fMir  figorea,  has  been  found  to  occupy  about  five  minutes. 
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Methods  for  measuring  gaps  in  station-lines  by  the  aid  of  angular 
instruments  will  be  explained  in  Chapter  III. 

28.  Ficid-Book. — ^The  writing  and  sketching  in  field-books  ia 
made  either  with  ink  or  with  an  indelible  pencil  If  the  book  can 
be  protected  from  rain,  ink  is  to  be  preferred. 

The  field-book  of  a  survey  shoidd  commence  with  a  sketch 
showing  the  general  arrangement  of  the  stations  and  station- 
lines  relatively  to  the  more  conspicuous  objects  on  the  ground  to 
be  surveyed,  made  by  the  surveyor  when  he  explores  the  countiy, 
as  mentioned  under  head  (a)  of  Article  12,  page  12.  Those  stations 
may  be  distinguished  by  letters  or  by  numbers.  Principal  stations 
are  usually  marked  thus  /^.  The  remainder  of  the  book  will  con- 
tain the  detailed  notes  of  the  distances  chained  along  the  several 
station-lines,  and  the  o£^ts  measured  from  them. 

In  order  that  forward  and  backward,  right  and  left,  on  the 
ground,  may  be  represented  by  forward  and  backward,  right  and 
left,  in  the  book,  the  successive  notes  written  on  each  page  b^in 
at  the  bottom  and  proceed  towards  the  top;  and  the  pages  aie 
numbered  fi*om  right  to  left.  In  the  middle  of  each  page  is  a 
vertical  column  broad  enough  to  contain  numbers  of  five  or  six 
figurea     That  column  represents  the  station-line. 

The  surveyor  begins  at  the  bottom  of  the  first  page,  by  writing  in . 
the  central  column  a  letter,  or  other  mark,  to  denote  the  station  at 
which  the  line  about  to  be  chained  commences,  and  beside  it,  a 
note  stating  between  what  stations  the  line  runs :  for  example, 
''from  A  to  B."  As  the  chaining  advances,  he  notes  in  the  central 
colunm,  proceeding  upwards,  the  distances  at  which  the  station-line 
crosses  boundaries,  and  traverses  intermediate  stations,  and  at 
which  offsets  are  taken.  Each  distance  of  an  intermediate  station 
from  the  coDunencement  is  distinguished  by  enclosing  it  in  an 
oblong  or  oval,  and  writing  opposite  to  it  the  designation  of  the 
station,  together  with  a  reference  to  the  other  pages  of  the  field- 
book  in  which  the  same  station  is  referred  to,  and  a  note  of  its 
position  upon  other  station-lines  which  traverse  it.  To  the  right 
and  left  of  the  central  column  are  written  the  offsets  measured  to 
the  right  and  left  respectively,  each  opposite  the  figures  denoting 
its  distance  from  the  commencement  of  the  line ;  and  those  ofifsets 
are  accompanied  by  a  sketch-plan  of  the  objects  to  which  they  are 
measured,  with  explanatory  notes  when  required. 

On  arriving  at  the  end  of  a  station-line,  the  relative  direction 
of  the  next  line  chained  may  either  be  stated  in  words — ^as,  "  turn  , 
to  the  right,"  "turn  to  the  left"— or  indicated  by  symbols  like  the 
following :  \k  ^,  At  the  commencement  of  each  new  station- 
line  will  be  stated  the  position  of  the  point  from  which  it  starti 
upon  a  former  station-line.  , 
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Oblique  <^EaetBy  small  tdan^es,  me&surements  of  buildings,  and 
the  like,  are  best  reooirded  by  sketching  a  diagram  of  the  lines 
measured,  and  writing  their  lengths  along  theuL 

The  preceding  explanation  shows  the  general  principles  aooord- 
iiig  to  which  field-books  of  chained  sorveys  are  kept.  The  details 
vaiy  very  much  in  the  practice  of  individual  surveyors.  It  is  to  be 
leoommended  that  every  surveyor  should  keep  his  field-book  so 
distinctly  that  it  may  be  possible  for  a  draughtsman  to  plot  the 
siurey  from  the  field-book  without  receiving  any  explanation  6om 
the  suT^or. 

29.  Pi«itias  m  CkaiM«4  Bm^cr. — In  plotting  a  survey,  great  atten- 
tion should  be  paid  to  the  absolute  flatness  of  the  drawing-board  or 
table  on  which  the  paper  is  to  be  strained  or  laid,  and  to  the  perfect 
Btraightness  of  the  straight-edge  by  which  station-lines  are  to  be 
ruled. 

If  the  plan  is  to  be  mounted  on  doth,  the  paper  should  be 
Jnounted  before  the  plan  is  plotted;  otherwise  the  mounting  will 
alter  its  dimensions.  On  the  whole,  it  is  better  not  to  "  strain  **  the 
paper  on  which  a  survey  is  plotted  on  a  drawing-board,  in  the  way 
practised  for  architectural  and  mechanical  drawings ;  because,  when 
the  paper  is  cut  away  from  the  board,  and  so  relieved  from  the 
strain,  it  will  contract^  and  perhaps  contract  unequally  in  difierent 
diiections. 

Each  day^s  work  should  be  plotted  as  soon  as  possible  after 
having  been  surveyed. 

The  scale  according  to  which  the  survey  is  plotted  should  at 
onoe  be  drawn  on  the  plan,  when  it  will  contract  and  expand  along 
vith  the  paper. 

The  plotting  is  commenced  by  marking  with  a  needle  or  pricker 
a  point  to  represent  the  first  station;  drawing  a  straight  line 
through  that  point  to  represent  the  first  station-Hue,  and  laying 
down  on  that  line,  with  a  pair  of  beam-compasses,  the  positions  of 
the  otiier  stations  which  it  traverses. 

The  operations  which  follow  consist  chiefly  in  plotting  triangles^ 
and  plotting  distances  and  oflsets. 

30.  Pisataff  Triansie*. — The  great  triangles,  whose  sides  connect 
<2ie  principal  stations,  are  to  be  first  plotted :  tiien  the  secondary  tri« 
angles,  until  the  whole  network  is  completed.   The  £ 

operation  of  plotting  a  triangle  whose  three  sides  /  \ 

have  been  measured  is  as  follows: — A  and  B,  /     \ 

fi^  16,  represent  two  stations  already  plotted;         /  \ 

me  distances  A  C,  B  C,  of  a  third  station  from  — -j^ ^d-^, 

those  stations  are  known.     With  these  distances  ^*fi*  ^^• 

M  ladii,  describe  with  the  beam-compasses  a  pair  of  small  circular 
about  A  and  B  respectively;  the  intersection  of  those  axotf 
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marks  the  required  statioa  C  on  the  plan.     Then  with  the  straight- 
edge rule  the  lines  A  C,  B  C,  and  the  triangle  is  complete. 

It  is  usual,  for  the  satisfaction  of  the  engineer,  and  for  future 
ref(^ence,  to  draw  permanently  on  the  plan,  in  a  faint  red  colour, 
the  principal  station-lines,  forming  the  primary  network  of  triangles. 
Those  lines  are  sometimes  called  ^*  lines  of  construction."  In  some 
cases  it  is  useful  to  draw  permanently  in  the  same  way  a  portion 
of  the  secondary  network  of  triangles :  so  far,  at  least  as  they  can 
be  used  in  computing  areas. 

When  the  plan  of  a  survey  extends  over  several  sheets,  it  is 
necessary,  in  order  to  show  the  connection  between  two  adjacent 
sheets,  that  a  poi'tion  of  at  least  one  station-line,  containing  at 
least  one  principal  station,  should  be  plotted  on  each  of  the  two 
sheets. 

31.  In  Plotting  Di»timccs»  OflTMts,  and  Details,  a  flat  ivory  or  box- 
wood scale  w  laid  on  the  paper  exactly  parallel  to  the  station-line, 
and  loaded  to  keep  it  at  rest:  the  divisions  marked  on  its  edge 
represent  distances.  A  shorter  flat  scale,  having  broad  ends  exactly 
perpendicular  to  its  edges,  is  laid  on  the  paper  with  one  end  against 
the  edge  of  the  scale  for  distances :  it  is  slid  successively  to  the 
several  distances  from  the  station  noted  in  the  field-book,  and  the 
offsets  are  laid  down  by  pricking  with  a  needle  opposite  the  proper 
graduations  on  one  of  its  edges.  Care  should  be  taken  that  the 
o£&et-scale  is  exactly  rectangular. 

Oblique  offsets  are  plotted  like  the  sides  of  triangles. 

In  estate  plans,  on  a  large  scale,  different  kinds  of  fences,  such 
ta  stone-walls,  hedges,  palings,  &c.,  are  distinguished  from  each 
other  by  conventional  modes  of  marking;  but  in  plans  for  engineer- 
ing projects,  it  is  sufficient  to  distinguisJi  between  fenced  and  un- 
fenced  lines  of  division  of  land,  marking  the  former  by  plain  and 
the  latter  by  dotted  lines.  In  working  plans  on  a  large  sode,  walls 
may  be  shown  of  theii*  proper  thickness,  and  coloured  red.  Boun- 
daries of  parishes,  counties,  boroughs,  and  other  legal  divisions  of 
the  countiT^,  are  marked  with  peculiarly  shaped  and  arranged  dots. 
Beads  are  coloured  drab;  streams  and  pieces  of  water  light  blue, 
with  a  darker  shade  along  their  edge&  Dwelling-houses  are  col- 
oured light  red,  out-buildings  dark  grey,  public  buildings  light  grey. 
In  engraved  plans  buildings  are  shaded  by  diagonal  hatching. 
Bailways  are  marked  by  parallel  lines  representing  rails ;  and  in 
some  cases  these  are  crossed  by  short  fine  lines  to  indicate  sleepers. 
Canals  are  distinguished  from  streams  by  their  greater  uniformity 
of  width  and  regularity  of  course.  Trees  are  indicated  by  sketch- 
ing small  figures  somewhat  resembling  them. 

There  are  conventional  modes  of  indicating  the  nature  of  the 
sur&oe  of  the  ground,  whether  garden  ground,  arable  land,  pasture, 
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marah,  heatli,  and  the  like ;  but  in  plans  for  engineering  projects  it 
is  sufficient  to  refer  by  numbers  written  on  the  plan  to  correspond- 
ing numbers  in  the  book  of  reference,  in  which  are  stated  JbJ^e 
owner  or  rejiuted  owner,  lessee  or  reputed  lessee,  occupier,  and 
description  of  each  portion  of  property  shown  on  the  plan. 

32,  n^mamrbm  Areuu^ — The  elementary  methods  of  measuring 
wws  which  are  useful  in  surveying  are  of  three  kinds: — ^the 
method  of  triangles, — the  method  of  ordinates, — and  the  method 
by  mechanism. 

^  I.  Method  of  Triangles. — Let  a,  h,  c,  denote  the  lengths  of  the 
sides  of  a  triangle,  and 

a  +  6  +  c 


»  = 


ihe  half 'turn  of  those  lengths;  the  area  of  the  triangle  is  given  by  the 
Simula — 


Area=  Js{8-~a)  (s-b)  (s-c); (1.) 

or,  using  logarithms — 

log.  arcas=^  <log.  «  +  log.  («-a)  +  log.  («-6)  +  log.  («-c)t  (2.) 

Another  formula  is  as  follows :  let  a  be  any  one  of  the  sides  of  a 
triangle;  p  the  perpendicular  upon  that  side  from  the  opposite 
iogle;  llien — 

Axea  =  ?^. (3.) 


Eveiy  Tighi>-lined  figure  can  have  its  area  calculated  by  dividing 
it  into  triangles,  computing  their  areas  by  one  or  other  of  the  pre- 
ceding formulae,  and  adding  them  together. 

The  areas  of  figures  with  curved  outlines  can  be  found  approxi- 
mately by  this  method,  preceded  by  the  process  called 
''equalizing;"  which  consists  in  drawing  through  the 
curved  boundaries  a  set  of  straight  lines  so  as  to  en- 
dose,  as  nearly  as  the  eye  can  judge,  the  same  area. 

IL  JTie  Method  ofOrdiruUes  is  applicable  to  a  long 
piece  of  ground  of  varying  breadth,  such  as  the  stripe 
of  land  required  for  a  railway,  or  the  area  repre- 
sented in  fig.  17.  An  axis  is  drawn  along  the  greatest 
length  of  the  figure;  breadths  are  measured  along 
«rdSnates  at  right  angles  to  that  axis,  sufiiciently  close 
together  to  make  the  spaces  between  them  approxi- 
mate to  trapezoids.  Then  let  d  be  the  distance  along 
the  axis  between  two  adjacent  ordinates,  and  b,  b\  the 
breadths  of  the  figure  at  those  ordinates;  the  area  con- 
tuned  between  that  pair  of  ordinates  ii 


Fig.  17. 
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6  +  6' 


2 


d; 


and  the  area  of  the  whole  figure,  being  the  sum  of  the  areas  of  1^6 
parts  into  which  it  is  divided  by  ordinates^  is  expressed  as  follows : — 


Area 


-^C-^-'): (*■) 


2  being  a  «ymbol  of  summation. 

If  the  ordinates  are  at  equal  distances  apart,  all  the  values  of  d  are 
equals  and  the  preceding  formula  becomes 

Area=  (-^  +  b^  +  h2  +  h^-^&c,..+-f\-d; (5.) 

5«  and  &»  being  the  breadths  at  the  two  ends  of  the  figure,  and  b^, 
b^  &c.,  the  intermediate  breadths. 

A  modification  of  the  last  formula,  founded  on  the  assumption 
that  the  lateral  boundaries  of  the  figure  consist  of  short  parabolic 
arcs,  is  as  follows,  the  number  of  divisions  being  even : — 

Areas  ^6,  +  6,  +  2(62  +  ft4  +  &c...)  +  4(6i  +  63  +  &a...)>  .  «...{6.) 

The  most  accurate  way  to  find  the  areas  of  all  the  pieces  of  land 
included  in  a  survey,  is  to  use  the  dimensions  as  given  in  the  field- 
book  alone,  calculating  the  areas  of  the  triangles  by  formula  1  or  2, 
and  the  areas  of  the  stripes  of  land  lying  between  the  station-lines 
and  the  fences  surveyed  &om  them  by  formula  4,  in  which  b  and  b' 
are  to  be  taken  to  represent  a  pair  of  adjacent  offsets,  and  d  the 
distance  between  them. 

This  process,  however,  is  very  laborious,  and  may  in  many  cases 
be  dispensed  with,  by  equalizing  boundaries  and  taking  measure- 
ments on  the  plan. 

IIL  Method  by  Mechanism, — Instruments  for  measuring  areas 

^^  on  plans  by  mechanism  are  called  "  Ploni- 

""'S.^      meters"  and  "Platometers;"  and  several 

I     have   been    contrived   by  different   in- 

V  ;    venters  j  amongst  others,  General  Moria 

\ y'^  and  Mr.  Sang. 

The  simplest  Planimeter  is  Amstlex's^ 
of  which  a  sketch,  showing  its  general 
principle,  is  given  in  ^g,  18.  A  is  a- 
loaded  disc  which  rests  on  the  table, 
and  serves  as  a  fixed  support  for  the 
v^^>a^  instrument     In  its  centre,  at  B,  is  an. 

'  upright  pin,  upon  which  turns  the  arm 

B  C»  to  which  at  C  is  hinged  the  arm  C  D;  so  that  the  tracing 
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point  at  D  can  be  moved  in  all  directions  over  the  paper.  Exactly 
in  the  straight  line  C  D  is  the  axis  E  of  the  small  wheel  F,  whose 
edge  rests  on  the  paper. 

When  the  tracing  point,  D,  is  carried  round  the  outline  of  any 
figure^  such  as  G  H  I,  so  as  to  return  finally  to  the  point  from  which 
it  started,  it  can  be  proved,  that 

Diskmce  rolled  by  the  edge  of  the  whed  F= /    i^t^rg^ 

and  consequently  that 

Area  of  Figure  =  C  D  x  Distance  rolled  by  the  wheel  F. 

C  D  is  a  measured  constant  length.  The  distance  rolled  by  the 
"wheel  is  measured  by  a  graduated  circle  and  vernier  at  one  side  of 
the  wheel ;  the  number  of  complete  revolutions  being  recorded  by 
another  wheel,  driven  by  an  endless  screw  on  the  shaft  E.  This 
wheel  and  screw  are  omitted  in  the  sketch.  In  Britain,  the  gradua- 
tions on  the  circle  usually  represent  square  inches  of  area  on  the 
paper. 


'^Q 


CHAPTER  IIL 

OF  SURVEYING  BY  ANGULAR  MEASUREMENTS, 
33.   Samniary  of  Ti'igouomelrlcnl  FormnlaB  ased  in  Surrering. 

L  Relations  betiveen  Angles  and  Arcs, — The  angle  or  difference  of 
direciiauy  BAG,  between  two  stiuight  lines,  A  B,  A  C,  which  meet 
at  the  point  A,  is  expressed  as  a  quantity,  as  is  well  known,  by 

stating  how  many  of  certain  aliquot  parte 
of  a  right  angle  it  contains;  those  parts 
being,  the  degree,  or  ninetieth  part  of  a 
right  angle,  the  minute,  or  sixtieth  part  of 
a  degree,  the  second,  or  sixtieth  part  of  a 
minute,  and  the  decimal  fractions  of  a 
second.  This  mode  of  expressing  angles 
is  the  most  convenient  for  trigonometrical 
-.^  calculation.     Another  way  of  representing 

*"'     '  the  same  method  is  to  conceive  that  a 

circle  D  E  F  is  described  about  A  in  the  plane  of  A  B  and  A  C  with 
any  radius;  that  the  circumference  of  that  circle  is  divided  into 
360  equal  arcs  called  degrees,  each  degree  into  60  minutes,  each 
minute  into  60  seconds,  and  so  on :  and  that  the  number  of  such 
divisions  of  the  circle  contained  in  the  arc  D  E  which  subtends  the 
angle  B  A  0  is  ascertained. 

A  second  method  of  expi*essing  the  angle  B  A  C  is  to  take  the 
ratio  which  the  circular  arc  D  E  subtending  it  bears  to  the 
radius  A  D.  In  this  case  the  angle  is  said  to  be  expressed  in 
terms  of  arc  to  radius  unity,  or  in  circular  measure.  This  method, 
though  less  simple  than  the  foimer,  and  less  commonly  employed, 
is  useful  in  certain  cases. 

The  two  methods  of  expressing  the  same  angle  are  compared  with 
each  other  by  the  aid  of  our  knowledge  of  the  ratio  which  the 
circumference  of  a  circle  bears  to  its  diameter :  which  intio,  although 
it  cannot  be  expressed  with  absolute  exactness  by  any  number  of 
arithmetical  figures,  can  be  calculated  to  any  required  degree  of 
accuracy  by  successive  approximations.  It  has  been  computed  to 
about  250  places  of  decimals;  but  seven  places  of  decixnals  are 
sufficient  for  oixlinary  purposes.  Tlie  following  table  gives  that 
ratio  to  eight  places  of  decimals,  with  its  common  logarithm,  and 
several  ratios  and  logarithms  deduced  from  it ;— * 
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Ratios.         Logiritfama. 
Circamferenceof  a  circle  to  diameter  1  f\ 

=  Length  of  a  semicircle  to  radius  1  ;>  3*14159265  0*497149^ 

=  Area  of  a  circle  to  radius  !  =  «•;) 

Quadrant,  or  arc  subtendinc;  a  right )    «•        ^^  ^  ^  ^ 

angle,  to  radius  1;    !^. !'...}   3  =  1-57079632  01961 199 

Arc  subtending  one  degree  to  ra-) !L  ^o-oi^.r^zo  8-2ai8'7'7a 

diusl; j    -ISO""         '^^3^  »24i«774 

Arc  subtending  one  minute  to  ra-)  000     a    £^  ^  ^ 

J.      ,  °  >•  o'ooo29o8882  O-4O3720I 

Arc  snbtendini;  one  second  to  ra-)  00     ^      /'o--^ 

jjiug  1 *^ I         0-000004848137  4-6855749 

Arceqiialtoradius,expressed  in  degrees,         57^*2957795  17581226 

—  —  —    in  minutes,     3437'*747  3*5362739 

—  —  —    in  seconds, 206 2 64" '8  5*3^44254 

—  —  _    in  degrees,  |      o  j..      ...3 

minutes,  and  seconds,]  ^*      '   ^^ 

—  —  —      in  decimal)   J__   .  ^     ^^       .       o 
fractions  of  the  circumference,)  2«-~      59  5 j     9 

SuT^Bwe  of  a  hemisphere  to  radius  1;  ...     2a-=6'283i853  07981799 

The  indices  of  the  logarithms  of  fractions  in  the  above  table  are 
affixed  according  to  the  system  which  is  employed  in  trigonometrical 
calculations  in  order  to  avoid  negative  indices;  that  is  to  say,  the 
index  in  each  case  is  the  complement  of  the  proper  negative  index 
to  10 ;  or  the  logarithm  is  that  of  the  product  of  the  fraction  into 
10,000,000,000. 

The  "centesimal"  division  of  the  quadrant  into  100  degrees  or 
"grades,"  10,000  minutes,  and  1,000,000  seconds  is  now  nearly 
obsolete,  even  in  France. 

IL  Itdations  amongst  Trigonomdrtcal  Functions  of  One  Angle, — 
The  simplest  mode  of  defining  the  trigonometrical  functions  of  a 
given  angle,  such  as  the  sine,  cosine,  &c.,  is  to  state  that  they  are  the 
ratios  to  each  other  of  the  sides  of  a  right-angled  triangle  containing 
the  given  angle.  Another  mode,  and  the  more  common,  is  to  state 
that  they  are  represented  by  lines  drawn  in  particular  positions  with 
respect  to  a  circular  arc  of  the  radius  unity,  subtending  the  given 
angle. 

In  fig.  20,  and  also  in  fig.  21,  A  B,  A  C,  are  a  pair  of  straight 
lines  making  with  each  other  an  acute  angle,  B  A  C. 

In  ^g.  20,  C  is  any  point  whatsoever  in  one  of  those  lines,  and 
C  B  a  perpendicular  let  fall  from  that  point  upon  the  other  line,  so 
as  to  form  a  right-angled  triangle,  ABC. 
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In  fig.  21,  a  circle  of  the  radius  unity  is  described  abont  A^ 
cutting  off  from  each  of  the  two  lines  a  part  equal  to  the  radiii% 


Tiz,: — 


AD=AC  =  1. 

A  F  is  a  third  radius,  perpendicular  to  A  D. 

0  B  and  G  H  are  perpendiculars  let  fall  from  G  upon  A  D  and 

JE- Z 


Fig.  20.  Fig.  21. 

AF  respectively;  DE  and  FG  are  straight  lines  touching  the 
circle  at  D  and  F  (perpendicular,  therefore,  to  A  B  and  A  F),  and 
cutting  A  G  produced  in  E  and  G  respectively. 

Then  the  definitions  of  the  several  trigonometrical  functions  of 
the  angle  BAG,  according  to  the  two  methods,  are  as  follows : — 

In  Fig.  20.  In  Fig.  21. 

Sine,  J^  BG  =  AH 

AB 


Gosine,  

Teised  Sine, 


Goversed  Sine, 


Tangent, 
Gotangent, 


Secant, 


Gosecant^ 


AC 

AC-AB 

AC 

AC-BO 

AC 

BO 

AB 

AB 

BO 

AO 

AB 

AO 

.AB  =  CH 


BD 


.HF 


DE 


FG 


AE 


BG 


AG 


In  fig.  20,  the  angles  BAG  and  B  G  A  are  complementary  to 
each  other,  being  together  equal  to  a  right  angle  ;  so  also  are  the 
angles  BAG  and  G  A  F  in  fig.  21 ;  and  when  this  relation  exists 
between  a  pair  of  angles,  the  sine  of  each  is  the  cosine  of  the  other, 
and  so  of  all  the  other  fiinctions  by  paira 


x=^=^^  = 


^    T 


V  »^  1*1  Z  i-nrra  rjt  '^  t^ 


—If 


k9-) 
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In  order  the  better  to  distinguiah  between  trigonometrical 
functions  of  acute  and  obtuse  angles,  the  principle  is  adopted, 
that  inasmuch  ao  A  B  and  A  b  (in  both  figures)  lie  in  oppositA 
directions  from  A,  they  shall  be  regarded  as  having  opposite 
signs  : — that  is,  A  B  being  positive,  A  h  is  negative ;  which 
amounts  to  laying  down  the  rule,  that  cosines  of  obtuse  angles  are 
negative.  The  following  are  the  relations  between  the  trigo- 
nometrical functions  of  an  obtuse  angle  180°  —  A,  and  its  sup- 
plementary acute  angle  A,  which  arise  from  that  rule  : — 

sin(180«  — A)  =  8in  A; 

cos  (ISOo  —  A)  =  —  cos  A; 

versin  (ISO®  —  A)  =  1  +  cos  A  =  2  —  versin  A ; 

ooversin  (ISO**  —  A)  =  coversin  A; 

tan  (180»  --  A)  =  —  tan  A; 

cotan  (180®  —  A)  =  —  cotan  A; 

sec  (180o  —  A)  =  —  sec  A; 

cosec  (180®  —  A)  =  cosec  A, 

From  these  equations  it  is  to  be  understood,  that  in  applying  to 
obtuse  angles  trigonometrical  formulte  which  were  originally 
intended  for  aciite  angles,  the  algebraical  signs  of  all  sines  and 
cosecants  of  such  angles  are  to  be  kept  unchanged,  and  those  of 
cosines,  tangents,  cotangents,  and  secants  reversed 

In  analytical  geometxy  a  further  distinction  is  drawn  between 
the  sines  of  angles,  whether  acute  or  obtuse,  lying  to  the  right  and 
left  of  a  fixed  direction,  which  are  regarded  as  positive  and  negative 
respectively.  In  geodesy  it  is  unnecessaiy  to  introduce  that  dis- 
tinction, except  in  one  case,  to  be  explained  afterwards. 

III. — Trigonometrical  Functions  of  Tvx>  Angles. 

A  A  2 

8inA  =  2sin-^.cos:^= A A -a  /I— cos  2  A  .,q. 

2  2      cotan4^4.  tan  ll-\/  9 ^     ' 

2  2^  ^ 


COB  A  =  cos2  ^  —  8in2  ^=  1  —  2sin2  ~  =  2  cos*  ^-  —  1  = 
2  2  2  2 

X      A  A 

cotany  —  tan  y  /l  +  cos2A 


A  A 

cotan  .--  +  tan  -- 


=v 


"• 


Kii.) 


TBIOON03ISTRICAL  FUNCTIONS  OP  TWO  ANGLES. 
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tUlArrr 


ootan  ^r tan  2~       V^    1 

sin  2  A  1  —  cos  2  A 


1— cos  2  A 
-  COS  2  A 


r(i2.) 


1  +  00S2A  8in2A 

A  and  B  be  any  two  angles. 

bin  (A+  B)  =  sin  A  cos  B  +  cos  A  sin  B ; (13.) 

sin  (A  —  B)  =  sin  A  cos  B  —  cos  A  sin  B ; (14.) 

cos  (A  +  B)  =  cos  A  cos  B  —  sin  A  sin  B ; (15.) 

cos  (A  —  B)  =  cos  A  cos  B  +  sin  A  sin  B ; (16.) 

tan  (A  +  B)  =  *55A±*?5^ ; (17.) 

^  ^      1  —  tan  A  tan  B '  ^     ^ 


tan(A  — B)  = 


tan  A  —  tan  B 

_    • 

1  +  tan  A  tan  B'" 


(18.) 


»inA  +  sinB  =  2sinA+5.cos  -1=-?; ...  (19.) 


•     A         •    Tfc      ft   •    A  -^B        A  -f"  B 

mnA  —  smB  =  2Bm  — - — .  cos — 1 —  : 


(20.) 


O09A  +  co8Bz=2co8 ^^^. coa  A=L?j  „.  (21.) 
COB  B  —  COS  A  =  2  sin  ^-i:^.  ain  A+^ ; ...  (22.) 


tau  A  +  tan  B  =  5^ii±4; 

cos  A .  cos  i3 

.        .      T.        sin(A  — B). 

tan  A — tanB=  \ ^\ 

cos  A  cos  B 


(xtan  A  +  cotan  B  =  ^5_g4l^ ; 

Sin  A  *  Sin  J3 


(23.) 


(24.) 


(25.) 


cotan  B —  ootan  A  =    .   \    . — -J : 

ain  A  am  a 


(26.) 
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Bn«A— sdn^Bsi  cos?  B  —  cos2Ar=sin  (A— B)  •),„-. 

sm(A+B); f^^'> 

cos*  A  —  sin*  B  =  cos«  B  —  sin*  A  =  cos  (A  —  B) )  /„o . 

cos(A  +  B); /  (28-) 

tan*  A-  tan*  B  =  ^n  ( A  -  B)  sin  (A -H^  ,29.)      • 

COS*  A  •  cos*  B  ^     ' 

cotan*  B  -  cotan*  A  =  «n  (A  -  B)  •  sin  < A -.■  B)         ^30, 

Bin*  A  •  sm*  B         >       \     / 

IV.  Formulce  for  the  Solution  of  Plane  Triomgl^. — All  these 
formulae  are  deduced  from  the  two  foUowiDg  principles  : — 

^      The  sum  of  the  three  angles  of  a  plane  triangle  is  equal  to  two 
right  angles. 

The  sides  of  a  plane  triangle  are  proportional  to  the  sines  of  the 
opposite  angles. 

When  the  computations  are  to  be  made  without  the  aid  of 
logarithms,  the  simplest  formulse  are  the  best ;  but  when  logarithms 
are  used,  formula  of  greater  complexity  are  often  employed,  in 
order,  as  far  as  possible,  to  dispense  with  additions  and  subtrac- 
tions, and  make  the  calculation  consist  of  multiplications  and 
divisions. 

Fig.  22  represents  a  plane  triangle,  whose  three  angles  are 

^    denoted  by  A,  B,  C,  and  the  three  sides 

respectively  opposite  them  by  a,  6,  c. 

The  following  equations  express  in  vari- 

**  ous  forms  the  relation  between  the  three 

angles,   and  enable  this  problem  to    be 

solved,  ^ven,  ttoo  of  the  angles,  or  trigono- 

Fig.  22.  metrical  functions  of  them :  to  find  the  third 

angle,  or  a  trigonometrical  ftmction  ofiL 

A  +  B  +  C  =  180^ (31.) 

Let  A  and  B  be  given ;  then 

C  =  180^— A  — B; (32.) 

sinC  =  Bin(A+B);  cos  C  =  — cos  (A  +  B);  ...(33.) 

,      ^     tenA+tanB    .      C         .      A  +  B      .«.. 

tan  O  := : vx — 5 1  tan  — =  cotan  — s — -•  ..•  i*^*.  i 

^""^•"tanAtanB— 1'        2  2         ^     ^ 
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PboBLEX  First. — Wben  th«  Angle*  iind  one  8ide  are  glren,  let  a  bo 

the  givezL  side;  then  the  other  two  sides  are 

,  sin  B  sin  0  .^^. 

o  =  a-  -: — T-;  c  =  a*-T — r-;  (35.) 

sin  A  sinA  ^     ' 

or  hj  logarithms, 

log  b  =  log  a  +  log  sin  B  —  log  sin  A  j )  r«^  .  \ 

log  c  =  log  a  +  log  sin  C-log  sin  A.  /  ^         * 

PbOBLEM   Second. — when  Two  sides  and  the  Included  Angle  avo 

(■▼«■•  let  a,  h,  be  the  given  sides,  C  the  given  included  angle; 
then 

1.  To  find  ike  third  side,  the  simplest  formula  is, 

c=  J{a^  +  b^-2abco3C)}  (36.) 

(phBerving,  that  if  C  is  obtiLse,  the  third  term  within  the  brackets 
is  to  be  added  instead  of  subtracted). 

But  this  formula  being  unsuitable  for  logarithmic  calculation, 
or  other  of  the  following  processes  is  substituted  for  it. 

First  Method : — 

make  sin  D  =    *J^    ,  cos  — ;  then 

a  +  6  2 

c=(a  +  6)  cos  B (37.) 

Second  Method : — 

make  tan  Erc^>/^^.  sin  9:  then 

a  -  6  2' 

c=(a-6)secK (3a) 

2.  To  find  ike  remaining  angles,  A  and  B. 

If  the  third  aide  has  been  computed, 

sin  A=-  •  sin  C;  sin  B=  --sin  C  (3D.) 

c  c 

If  the  third  side  has  not  been  computed, 

A4B        .      C    .      A-B    a-h     .      C 


►  U    ,      A— J5     a-b  Kj  \ 

=  cotan  - ;  tan -~^  =  ^^^cotan  5- ;l 

+B    A-B    ^    A+B    A-B         ( 


tan        o 
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PrOBLEK  ThIBD. — Wbea  the  Thrc«  MdM  an  irhrea. 

To  find  any  one  of  the  angles,  such  aa  C,  the  simplest  formula  ia 
the  following : — 

«^^  =  -2^Sl-' (^^^ 

but  this  formula  being  unsuited  for  logarithmic  calculation,  one  or 
other  of  the  four  following  formulie  is  employed  instead  when 
logarithms  are  used.  Let  the  half-sum  of  the  sides  of  the  triangle 
be  denoted  by 

a  +  h-\-c    ^, 
«  =  — „ ;  then 


— ^      C  CO 

When  o  ^9  a  large  angle,  the  expressions  for  cos  -^  and  cotan-^ 

are  the  most  convenient  in  calculation;  when  it  is  a  small  angle, 

C  C 

those  for  sin  -^  and  tan  ^  are  to  be  preferred.     A  fifth  formula^  leas 

used  than  the  preceding,  is 


sin  0  =  2  >(«-«)('- ft)  (JZ^ ; (43) 

a  0 

but  this  is  unsuitable  if  C  is  neai'ly  a  right  angle. 

Problem  Fourth. — Two  Sldc«  «!▼«■,  and  th«  Ancle  •pyealta  •ne  nf 

theni—- In   ^g.  23,  let  A  be  tiie  given  angle, 

and  a,  c,  the  given  sides,  of  which  a  is  opposite 

^^  A.     The  sine  of  the  angle  opposite  c  is  given  by 

Fig.  23.      '     the  expi-ession, 

-.sin  A; (^4.) 

but  this  may  apply  either  to  the  acute  angle  C  or  to  its  supplement, 
the  obtuse  angle  C'=  180*-C;  C  and  C  being  the  two  points  in 
the  straight  line  A  C  C  which  are  at  the  distance  a  from  B.  TJnlesR, 
therefore,  it  is  known  by  observation  whether  the  angle  opposite 
the  side  c  is  acute  or  obtuse,  the  solution  of  the  problem  is  ambigu- 
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OQS.  Should  that^  however,  be  known,  the  angles  can  be  computed^ 
and  thenoe  the  remaining  side,  by  the  method  of  the  first  problem. 
In  general,  problems  that  fall  under  the  fourth  case  ought  to  be 
avoided  in  surreying,  especially  when  the  angle  opposite  c  is  nearly 
a  right  angle. 

In  all  trigonometrical  problems,  it  is  to  be  borne  in  mind,  that 
small  acute  angles,  aud  large  obtuse  angles,  are  most  accurately 
determined  by  means  of  their  sines,  tcmgerUs,  and  cosecants,  and 
angles  approaching  a  right  angle  by  their  cosines^  cotangents,  and 
secants. 

Problem  Fifth. — t«  Mire  a  Righ^aiisicti  Triangle. — ^All  the  pre- 
ceding formuke  are  applicable  to  this  case;  but  they  become  very 
much  simplified  owing  to  the  values  assumed  by  the  tiigonometrical 
functions  of  the  right  angle,  viz. : — 

Sin9Cr=l;  cos  90^^=0;  tan  90^  infinite;  cotan  90°  =  0;  sec 
90^  infinite ;  cosec  90"^=  1. 

Let  C  denote  the  right  angle ;  e  the  hypothenuse  ;  A  and  B  the 
two  oblique  angles  j  a  and  6  the  sides  respectively  opposite  them. 
Then  A  and  B  are  complementary  angles,  and  the  sine  of  each  is 
the  cosine  of  the  other,  as  explained  under  Head  IL  of  this  article. 
The  following  cases  may  be  distiuguished : — 

1.  Given,  the  right  augle,  another  angle  B,  the  hypothenuse  a 
Then 

A  =  90^-B;  a  =  c-cosB;5=c8inB (45.) 

2.  Given,  the  right  angle,  another  angle  B,  a  side  a, 

A=90''-B;  6  =  a-tanB;  cr=a-secB (46.) 

3.  Given,  the  right  angle,  and  the  sides  a,  h, 

tanA  =  |;  tanB=|;  c=  JiM^ (47.) 

4.  Given,  the  right  angle,  the  hypothenuse  c ;  a  side  a, 

sinA  =  co8B=-;  h  =  J(?-a\  (48.) 

c 

5.  Given,  the  three  sides  a,  b,  c,  which  fulfilling  the  equation 
^=a'  4.  h',  the  triangle  is  known  to  be  right-angled  at  C. 

BinA=— ;  sinB=-- (49.) 

c  c  ^ 


46  EiraiNEERIXQ  GEODESY. 

Probleu  Sixth. — To  express  the  area  of  a  plane  triangle  interma 
of  its  sides  and  angles. 

Case  1.  Given,  one  side,  c,  and  the  angles. 

.  c2    sin  A  sin  B  ,eA  \ 

Area=^. r— 7^ — (50.) 

2         sin  C  ^     ' 

Case  2.  Given  two  sides,  5,  c,  and  the  included  angle  A* 

.            he  sin  A  ,-,  V 

Area  = ^ ypH 

Case  3.  Given,  the  three  sides.     iSee  Article  32,  page  33. 

Y.  FormvlcBfor  the  Solution  of  Spherical  Triangles, 

These  formulas  are  all  conBoquenccs  of  the  two  following 
principles : — 

The  9u/m,  oftlie  three  angles  of  a  spherical  triangle  exceeds  two  right 
angles  hy  an  angle  which  hears  (lie  same  proportion  to  four  right 
angles  tJiat  tite  area  of  Hie  triangle  hears  to  the  surface  of  tlia  liemi- 
sphere. 

The  sines  of  the  angles  of  a  spherical  triangle  are  proportional  to 
the  sines  of  the  angles  suhtended  at  Hie  centre  of  the  splvere  hy  ike  sides 
to  which  tJiey  are  respectively  opposite. 

Problem  First. — To  compute  approximately  the  angles  sub- 
tended by  arcs  on  the  earth's  surface,  and  vice  versd. 

In  this  calculation  it  is  sufficiently  accurate  for  the  purposes  of 
engineering  geodesy  to  treat  the  earth's  surface  as  a  sphere  of  the 
diameter  stated  in  Article  3,  p.  2,  viz. : — 

41,778,000  feet  =  7912i  statute  miles; 

BO  that,  referring  to  the  present  Article,  Division  I.,  p.  37,  for  the 
proportions  borne  to  the  radius  by  arcs  subtending  various  units  of 
angle,  we  find,  for  the  mean  lengths  of  such  arcs  on  great  circles  of 
the  earth's  surface,  the  following  values, —  * 

*  If  it  is  desired  to  compute  the  lengths  of  small  arcs  on  great  circles  somewhat 
more  precisely,  the  followiog  formulse  may  be  used: — 

Let  2  denote  the  difference  between  the  latitude  of  the  place  and  46**,  the  aiga  -f 
er —  indicating  whether  that  latitude  is  greater  or  less  than  46**.  Then  the  leogtli 
In  feet  of  an  arc  of  the  meridian  which  subtends  one  minute  is 


m 


/          sin  2  S\ 
=  607636  (Xztz-^^y  (1.) 
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Mean  length  in  Feet  Logaiithm. 

Aic  eqoal  to  radinSy 20,889^000  7*3199176 

Arc  subtending  one  degree, 364,582  5*5617950 

Arc  subtending  one  minute, 6076*36  37836437 

Arc  subtending  one  second, 101*273  2*0054925 

Hence,  let  a  be  tbe  length  in  feet  of  an  arc  on  the  earth's  surface; 
•,  the  angle  subtended  by  it  in  seconds ;  then 

«  =  a-;- 101 -273  nearly.  (52.) 

Pboblbk  Sbcx)nd. — To  compute  approximately  the  sinu  of  the 
angles  subtended  by  small  arcs  on  the  earth's  surface,  and  vice  versd. 

Let  -  be  the  ratio  of  a  small  arc  a  to  the  earth's  radius  r  :  «  the 

r 

angle  subtended  by  it.     Then  it  is  known  that  the  two  following 

the  length  in  feet  of  an  arc  tahtendlog  one  minute,  on  a  great  circle  perpendlcolar  to 
tie  neridian.  It 


»'=6076-86  (l  +  ±=fc^*)i (2.) 


ad  tbe  length  in  feet  of  an  are  subtending  one  minute  on  a  great  circle  which  makes 
■n  angle  i  with  the  meridian,  is 


•'/. 


tmcosV  +  m'sinV. (8.) 


The  mean  length  of  all  the  arcs  subtending  one  minute  on  great  circlee  which  can  b* 
diBwn  t]mm''h  a  given  point  is 

At  the  pazalld  of  80^  of  latitude,  which  divides  the  surface  of  the  hemispherofd  into 
two  neulj  equal  parts,  the  fictor  of  this  expression  within  the  brackets  is  reduced  to 
ani^,  and  tlie  length  of  the  arc  to  its  mean  value ;  and  the  area  of  the  surface  of  the 
spheroid  is  almost  exactly  equal  to  that  of  a  sphere  of  the  radius  of  20,889,000  feet, 
eorrespoodiog  to  that  value  of  the  arc.  It  is  for  these  reasons  that  6076*86  feet  has 
bea  adopted  in  this  work  as  tbe  true  mean  length  of  a  nautical  mile,  rather  than  the 
length  of  a  minute  of  the  equator. 

Tbe  area  in  square  ftet  of  a  square,  each  of  whose  sides  subtends  one  minute  at  a 
pna  latitude,  is 

»«'=(6076.86)«-  (l  +  3j^=t=^)nearly;  (5.) 

■Ml  thb  quantity  also  has  its  mean  value  at  the  parallel  of  30^;  viz.  (6076*86)'. 
Tbe  length  in  feet  of  a  minute  of  longitude  is  given  by  the  formula 

fls^sm'* 00s 'latitude  (6.) 

In  tbe  preceding  formulae,  tbe  figure  of  a  level  surface  is  treated  as  if  it  were  an 
*uet  q>herDid  of  revolution  with  the  polar  and  equatorial  diameters  in  the  ratio  of 
699  to  GO],  and  no  account  is  taken  of  various  irregularities  in  the  form  of  tiiat  sur- 
face* whose  existence  has  been  proved,  but  which  have  not  yet  been  reduced  to  any 
principIe.~(See  •'Addenda,"  p.  789.) 
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series  give  approximations  to  the  value  of  each  of  those  quantities 
in  terms  of  the  other; 

sin  »= i-oQ'-^+  1  e%^  A  K'  ^-<fcc (o3.) 

-^=  sin  «  +P2.3  •  ^^  '*  ■*■  2T5  ®^^  **  +  &C  •"  W 

In  most  cases  which  occur  in  engineering  geodesy,  the  first  two 
terms  of  each  of  those  series  are  sui&cient,  and  they  may  be  thus 
expressed  ; — 

Bin«=|(l-|^)nearly;  (55.) 


a 
r 


(sin  ^*i\ 
1  +  — ji — jnearly.  (56.) 


For  logarithmic  calculation  the  following  approximate  formula 
are  convenient : — 


a        ^^^«««.  a* 


a2 


log  sin  •  =  log •  0723824  -«- 

=  log  a  (in  feet)  - 7-3199176  -  -0723824  ~;  •.  (55  a.) 

log  a  (in  feet)  =  7-3199176  +  log  sin  «  +  •  0723824  sin  ««  (56  a.) 
(*  0723824  =  modulus  of  the  common  logarithms  -r  6.) 

Pbobleai  Third. — Given,  the  area  of  a  spherical  triangle  on  the 
earth's  surface ;  to  find  the  excess  of  the  sum  of  the  three  angles 
above  two  right  angles  (or  as  it  is  called,  the  '^ spherical  excess*'). 

Let  S  be  the  area  of  the  triangle,  r  the  earth's  radius^  X  the 
cpheiical  excess;  then 

X  =  360o-^ 
2x»* 

g 

=  angle  subtended  by  arc  equal  to  radius  *  -j; (57.) 

that  is  to  say — 

Y  J  ^  _  206264-8  S  (in  square  feet) 

JL  (m  seconds)  -      436^35o,32l,000;000 

__    S  (in  square  feet)  ,-^  ^ 

""2,115,500,000  nearly'   ^^^ 

or  by  logarithms, 

log  X  (in  seconds)  =  log  S  (in  square  feet) ^9 -32541 01... (58  A.) 
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In  stating  rules  for  the  solution  of  spherical  triangles,  the  word 
^  side  "  is  used  for  brevity's  sake,  when  **  the  angle  subtended  by  a 
side  at  the  centre  of  the  sphere"  is  meant  In 
iig.  24,  Af  By  C  are  the  three  angles  of  a  spherical 
tiiangle;  o^  b,  c,  the  sides  respectively  opposite 
them.  The  angles  subtended  respectively  by  these 
sides,  which  angles  are  called  'Hhe  sides"  in 
stating  the  rules,  will  be  denoted  by  «,  /3,  y. 

Pboblem  Fourth. — Given,  two  angles  of  a 
spherical  triangle,  and  the  side  between  them;  to 
&id  the  remaining  sides  and  angle — 

Let  A,  B  be  the  given  angles,  and  7  the  given 
side^     Then  to  find  the  remaining  sides  »  and 


Fig.  24. 


v« 


X      «  +  /S       .      y 


COS 


A-B 


cos 


tan 


2         ^^2 


sm 


A  +  B^ 

2 
A-B 


A  +  B' 


sm 


2 


«  +  ^      «-/3.  «  +  /3 


-/3 


.(59.) 


'^        2     ^    2    '  "^       2  2 

To  find  the  remaining  angle  C^  we  have  the  proportion — 

8in»  :sini9  :siny  :  :sin  A  :sinB  :sinC. (60.) 

Pboblem  Fifth. — Given,  two  sides  of  a  spherical  triangle  and 
the  angle  between  them;  to  find  the  remaining  side  and  angle — 
Let  «e,  3  be  the  given  sides ;  C,  the  given  angle. 
Ftrst  Method. — ^To  find  the  remaining  side  y; 

cosy  =  cos«*cos/3  4-8in  «'sin/8*cosC; (61.) 

bat  this  formula  being  unsuited  to  calculation  by  logarithms,  the 
following  has  been  deduced  from  it; 


Make  sin  D  =  oos-^ .  a/  sin  «•  sin  fi;  then 

,-V  {™("t*^)-Kt'-»)|  ■■  w 

sad  to  find  the  remaining  angles,  we  have  the  proportion, 

mn  y  :  sin  «  :  sin/3 : :  sin  C  :  sin  A  :  sin  B.  (63.) 


am 
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Seoond  Jfeikod. — To  find  the  remaining  angles,  A,  R 


tan 


tan 


2     "  «  +  /5        ^ 

COS— g— 


.     «  +  /3 

Bin-^- 


.     A  +  B    A-B   ^    A  +  B    A-^B 


2 


2 


.(64.) 


The  remaining  side  y  is  found  by  the  proportion  (63). 

Pbobleh  Sixth. — The  three  sides  of  a  spherical  triangle  being 
given;  to  find  the  angles — 

Let  G  be  the  angle  sought  in  the  first  instance.    Then 


^      cos  y  —  cos  »  •  cos  fi  ,^^. 

008  0  = -. -. — :    (65.) 


Sin  ct  •  sin  /3 

but  as  this  formula  is  not  adapted  for  logarithmic  calculation,  one 
or  other  of  the  following,  which  are  deduced  from  it,  is  to  be  em- 
ployed for  that  purpose : — 

Let  ff  = ^ denote  the  half  sum  of  the  sides ; 


COS 


C      .    /sin^-8in((r-y)    ^0  /sin  (a  -  a)  (sin(r-/3) 

2       V       sin « •  sin  /9     '        2       V  sin « •  sin  /8       'V     '/ 

CO  c         c 

COS  ^  is  best  when  -^  approaches  a  right  angle ;  sin  ^  when  -^  is  smalL 

These  formulsB  will  serve  aUke  to  compute  any  angle.  If  it  is 
desired  to  express  the  angle  sought  by  A  or  by  B,  the  following 
substitutions  are  to  be  made  in  the  formula : — 

For  the  following  symbols  in  the  formulas  for  C, ...    »    ^    y 

Substitute  respectively  in  the  formula  for  A, ...    ^    v    » 

—  —  —  —        for  B, ...    y    •«    /8 

Problem  Seventh. — ^In  a  right-angled  spherical  triangle,  the 
right  angle  and  any  two  other  parts  being  given,  to  find  the  remain- 
ing parts. 

Let  C  be  the  right  angle,  and  y  the  side  opposite  to  it 
Gase  1. — ^Two  sides  being  given,  the  third  is  found  by  the 
equation — 

008  «'coB^  =  co8y; (67.) 
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and  the  obliqae  angles  by  the  equations — 

COS  A  =  cotany  tan/3j  cosB  =  cotan  y 'tan  «;  ...(68.) 

or  bj  the  equations — 

cotan  A  =  ootan  « *  sin  fi;  cotan  B  =  cotan  )3 '  sin  «. .  ..(69.) 

Case  2. — Given,  a  side  («)  and  the  opposite  angle  (A).  Find 
itie  side  fi  by  the  formula — 

sin/3  =  tan  « *cotan  A;  (70.) 

then  find  y  by  (67)  and  B  by  (68)  or  (69). 

Case  3. — Given,  a  side  («)  and  the  adjacent  angle  (B).  Find 
the  side  y  by  the  formula — 

cotan  y  =  cos  A'cotan/S; (71.) 

then  find  «  by  (67)  and  B  by  (68)  or  (69> 
Case  4. — Given,  two  angles,  A,  B — 

cos  A  _     cosB  .       .       .      Ti  /^o\ 

008  a  =  — — :5^:  COB  fi  =  -: — T-:  cos  y  =  cotan  A*  cotan  B.  (72.) 

sinB  sin  A  ^     ' 

VJ-  Approximate  SoltUions  of  Spherical  Triangles,  Tised  in 
TrigoTwmetrical  Surveying, 

Ab  the  largest  triangles  formed  in  trigonometrical  surveying  do 
not  measure  more  than  100  miles  in  the  side,  and  the  ordinary 
triangles  much  less,  the  curvature  of  the  arcs  forming  their  sides 
is  very  slight,  and  their  areas  are  very  small  fractions  of  that  of  a 
hemisphere  of  the  earth ;  and  consequently  approximate  methods 
of  calculation  can  be  applied  to  them,  by  which  much  of  the 
labour  is  saved  that  would  be  required  by  a  strict  adherence  to  the 
rules  of  spherical  trigonometry. 

Pboblem  Fibst.— Given,  in  a  triangle  on  the  earth's  surface  the 
length  of  one  side,  c,  and  the  adjacent  angles,  A,  B;  to  find 
approximately  the  third  angle,  0. 

Calculate,  by  equation  50,  p.  46,  the  approonmate  area  of  the 
triangle,  as  if  it  were  plane.  From  that  area,  by  equation  58,  or 
68  A,  "p.  48,  calculate  the  *'  spherical  excess  "  X.     Then 

C=180«  +  X-A-B.  (73.) 

X^BOBLEM  Second. — To  find  approximately  the  remaining  sides, 
a,  b,  of  the  same  triangle.  Let  «,  /3,  y  be  the  angles  subtended  by 
the  sides. 

Method  First  (By  spherical  trigonometiy). — Find  the  arc  y  sub- 
tended by  the  given  side  c  by  equation  52,  p.  47;  or  else  find 
gin  y  directly  from  c  by  equation  55  or  55  a,  p.  48.     Then 

sin  A  sin  y     .     _     sin  B  sin  y  .,, . . 

taxtm^ _-.^_£. .  sm |3  = r—j^ — ; (74.) 
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from  which  find  «  and  fi  in  seconds;  then  the  lengths  of  the  sides  in 
feet  flf 6^^ 

a=  101-273  «;  t  =  101-273/3; (75.) 

or  a  and  h  may  be  calculated  directly  from  sin  «  and  sin  /3  by  equa- 
tion 56  or  56  a,  p.  48. 

Method  Second  (By  plane  trigonometry). — From  each  of  the 
angles  subtract  one  third  of  the  spherical  excess,  and  then  treat  the 
triangle  as  if  it  were  plane.     That  is  to  say — 

sin(C-f)  sin(c4) 

PfiOBLEif  Third. — Given,  in  a  triangle  on  the  earth's  surface,  two 
sides  a,  6,  and  the  included  angle  C ;  to  find  the  remainiug  side,  c, 
and  angles,  A,  B. 

Method  First  (By  spherical  trigonometry). — As  in  the  last  prob- 
lem, find  the  angles  «r,  |3,  subtended  by  the  sides,  by  means  of 
equation  52,  p.  47,  or  the  sines  of  those  angles  by  means  of  equation 
56  A,  p.  48.  Then  solve  the  triangle  as  a  spherical  triangle,  by  means 
of  equations  62  and  63,  p.  49,  or  equation  64,  p.  50.     Lastly,  make 

c  in  feet  =  101-273  y  in  seconds.  (77.) 

Method  Second  (By  plane  trigonometry). — Compute  the  approxi- 
mate area  by  equation  51,  p.  46,  as  if  the  triangle  were  plane; 
thence  compute  the  spherical  excess  X  by  equation  58  or  58  a,  p. 
48,  and  deduct  one- third  of  it  from  the  given  angle.  Then  consider 
the  triangle  as  a  plane  triangle,  in  which  are  given  the  two  sides  a,  6, 

and  the  included  angle  C  =  C  -  -5-.  Find  the  third  side  c  by  equa- 
tion 37,  or  equation  38,  p.  43 ;  and  the  remaining  angles  A',  B',  of 
the  supposed  plane  triangle,  by  the  equations  39  or  40,  p.  43 ;  and 
for  the  remaining  angles  of  the  real  spherical  triangle,  take 

A  =  A'  +  y;  B  =  B'  +  ^ (78.) 

Problem  Fourth. — To  diminish  as  far  as  possible  the  effects  of 
small  errors  in  angular  measurements. 

Such  small  errors  are  detected  by  measuring  the  wholo  three 
angles  of  a  spherical  triangle,  and  adding  them  together.  If  the 
measurements  are  perfectly  correct,  we  shall  find 

A  +  B  +  C=180*  +  X, 

being  the  spherical  excess,  if  it  is  appreciable).     But  if  small 


1 

1 


THEODOLITE.  53 

eiTon  Lftve  been  committed  in  measuring  the  angles,  we  shall 
find 

A'  +  F  +  Cr  =  180«  +  XdtE, 

▼here  £  is  the  total  error.     Then  for  the  most  probable  yalues  of 
the  oonected  angles  are  to  be  taken 

A  =  A'=pf;B  =  F=;=5jC  =  Cr=?=5   (79.) 


The  correction  of  each  angle  being  one-third  of  the  total  error,  and 
opposite  in  sign. 

34.  The  Tiie*4*iit«  is  an  instrument  whose  chief  use  is  to  measure 
&Dglefi  in  a  horizontal  plane,  or  ^^azimiUhs"  and  which  is  occa- 
aouallj  used  to  measure  also  vertical  angles,  or  cUtitudes  and 
depressiom. 

When  the  word  AzimiUh  is  used  without  qualification,  it  usually 
means  the  number  of  degrees,  minutes,  and  seconds  hj  which  the 
direction  of  a  vertical  plane  passing  through  a  station  and  a  given 
object  deviates  to  the  Hght  of  a  vertical  plane  passing  through  the 
station  and  the  North  Pole.  When  "  Magnetic  Azimuth"  is  speci- 
fied, the  angular  deviation  is  reckoned  from  the  magnetic  meridian 
instead  of  the  true  meridian. 

But  the  relative  azimuth  of  any  two  objects  may  be  measured  at 
a  given  station;  that  is  to  say,  the  number  of  degrees,  minutes,  and 
seconds  by  which  a  vertical  plane  traversing  the  station  and  one  of 
the  objects  deviates  to  the  right  of  a  vertical  plane  passing  through 
the  station  and  the  other  object. 

An  azimuth  exceeding  180°  denotes  that  the  direction  of  the 
object  to  which  it  is  measured  lies  to  the  left  of  the  direction  from 
which  azimuths  are  measured,  by  an  angle  equal  to  the  difference 
between  the  azimuth  and  360^. 

For  example :  in  fig.  25,  let  A  denote  a  station;  A  B  the  direc- 
tion of  the  pole,  or,  as  the  case  may 
be,  of  the  object  from  which  azimuths 
are  measured,  and  which  is  held  to 
have  the  azimuth  0°.  C  being  an  object 
which  lies  to  the  right  of  AB,  its 
azimuth,  being  the  number  of  degrees, 
^,  subtended  by  the  arc  be,  is  equal 
to  the  angle  B  A  C.  On  the  other 
hand,  D  being  an  object  lying  to  the 
left  of  AB,  its  azimuth,  being  the 
number  of  degrees,  &c.,  subtended  by 
the  arc  6'  d,  is  equal  to  the  difference 
between  the  ande  B  A  D  and  3G0*. 
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of  their 


The  horizontal  angle  between  any  two  directions  is  the  difference 
their  ammuths,  if  that  difference  is  less  than  180^;  if  it  is  greater 

than  180®,  the  excess  of 
360®  above  the  difference 
of  the  azimuths  is  the 
angle  between  the  direc- 
tions. 

AUUvdes  <md  depreasuyns 
are  the  angles,  always 
acute,  which  ^e  directions 
of  objects,  as  seen  from  a 
given  station,  make  above 
and  below  a  horizontal 
plane.  The  use  of  these 
angles  will  be  further  ex- 
pliuned  under  the  head  of 
Levelling. 

The  structure  of  theo- 
dolites varies  very  much; 
but  there  are  certain  essen- 
tial parts  which  are  com- 
mon to  all,  and  which  will 
now  be  enumerated,  com- 
mencing at  the  top,  as  they 
are  found  in  the  ^'  Transit 
Theodolite."  The  usual 
material  is  brass,  except 
for  the  "limb"  or  gradu- 
ated ring  of  each  of  the 
circles,  which  is  of  silver 
or  palladium. 

I.  The  Telescope  A  B 
consists  of  two  tubes,  one 
sliding  within  the  other. 
The  outer  tube  has,  at  its 
further  end  A,  the  object- 
glass,  which  forms  at  its 
focus  an  inverted  image  of 
the  object  looked  at.  The 
inner  tube  has,  at  its  nearer 
Fig.  26.  en4  B^  1^  combination  of 

passes  called  the  "  eye-piece,"  which  magnifies  that  inverted  image. 
By  the  use  of  an  additional  tube  and  certain  additional  glasses,  an 
"  erecting  eye-piece"  may  be  formed,  which  makes  the  object  appear 
erect;  but  this  causes  loss  of  light,  and  possesses  no  particular 
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advautBge.  By  moinbig  the  inner  tube  inwards  and  outwards  bj 
a  lack  and  pinion^  tum^  by  the  milled  head  b,  the  foci  of  the  object- 
glass  and  eye-piece  are  adjusted  till  they  coincide, 
which  is  known  by  the  distinct  and  steady  appear- 
ance of  the  image. 

At  the  common  focus  of  the  object-glass  and  eye- 
piece^ where  the  inverted  image  is  seen,  there  is  a 
'^diaphragm**  or  partition,  with  a  round  hole  in  the 
midc&e  crossed  by  three  spider's  Knes,  or  equally 
fine  platinum  wires  (see  fig.  27);  one  horizontal,  A  B,  and  the 
other  two,  CD,  EG,  deviating  slightly  to  opposite  sides  of  a  ver- 
tical plane.  The  point  F  where  those  wires  cross  each  other  should 
be  exactly  in  the  axis  or  ''line  of  coUimatum^^  of  the  telescope ;  and 
the  heads  of  four  screws  for  adjusting  it  to  that  position  are  shown 
at  a,  a,  a,  a,  in  fig.  26. 

IL  The  SpiritrLevd  c  is  attached  to  the  outer  telescope-tube 
hy  screws,  by  means  of  which  it  can  be  set  exactly  parallel  to  the 
line  of  collimation ;  so  that  when  the  air-bubble  is  in  the  centre  of 
the  level,  the  telescope  is  horizontal.  The  construction  and  use  of 
spirit-levels  will  be  further  explained  luider  the  head  of  levelling. 

HL  The  fforizanUU  Ascis  C,  when  the  instrument  is  in  adjust- 
ment, is  exactly  at  right  angles  to  the  line  of  collimation,  and 
exactly  level ;  so  that  the  telescope  may  turn  about  on  the  bearings 
of  that  axis  in  a  truly  vertical  plane. 

IV.  TheFnunea  or  Supports  (D,  D,)  of  the  horizontal  axis  are  high 
enough,  in  the  transit  theodolite,  to  admit  of  the  telescope  being 
turned  completely  over  in  a  vertical  plane;  a  motion  which  is  use- 
fol  in  making  certain  observations.  In  Colonel  Everest's  theodo- 
lite the  supports  are  made  low,  for  the  sake  of  compactness;  but 
the  telescope  may  be  turned  completely  over  when  required,  by 
lifting  the  horizontal  axis  out  of  its  bearings.  In 
the  common  theodolite  the  telescope  is  not  fixed 
in  the  middle  of  that  axis,  but  is  supported  in  two 
forked  rests  called  ys,  at  the  ends  of  a  bar  which 
is  fixed  at  right  angles  to  the  horizontal  axis;  so 
that  the  telescope  can  be  turned  end  for  end  by 
lifting  it  out  of  the  Y^b.  When  not  required  to  he 
lifted  out,  the  telescope  is  clasped  firmly  in  its  Y's  „.    ^g 

by  two  semicircular  arcs  called  "clips,"  which 
are  hinged  to  the  Y's  at  one  side  and  listened  with  pins  at  the 
other. 

V.  The  Vertical  Circle  or  Altitude  Circle  E  is  fixed  upon  the 
horizontal  axis.  It  is  divided  into  four  quadrants,  the  degrees 
ia  each  of  which  are  numbered  from  0°  to  90"^,  as  indicated 
hi  the  sketch,  fig.   28.     The  two   O's  are  at  the  ends  of   the 
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diameter  parallel  to  the  line  of  oollimation  of  the  telescope;  the 
two  90*8  at  the  ends  of  the  diameter  perpendicular  to  the  former. 
There  are  two  indices  with  verniers,*  at  opposite  ends  of  a 
horizontal  bar,  read  by  the  microscopes  «,  e;  when  the  line  of  ool- 
limation is  horizontal,  each  of  those  indices  reads,  or  ought  to 
read,  0°. 

In  directing  the  telescope  to  any  object,  it  is  turned  at  first  by 
hand  as  nearly  in  the  required  direction  as  possible;  then  the 
vertical  circle  is  "  clamped,"  by  turning  a  damp-acrew  which  lays 
hold  of  its  lower  edge ;  and  then,  by  the  tangent-screw  d,  a  slow 
motion  is  given  to  the  circle  and  telescope  until  the  line  of  oollima- 
tion points  exactly  towards  the  object. 

In  Colonel  Everest's  theodolite,  instead  of  a  complete  vertical 
circle,  there  are  two  opposite  sectors  of  about  90^  each,  so  as  to  be 
capable  of  measuring  altitudes  and  depressions  as  far  as  45^;  and 
the  spirit-level  is  attached  to  the  index-bar,  instead  of  to  the 
telescope. 

In  the  common  theodolite,  instead  of  a  vertical  circle  there  is  a 
semicircle  only,  having  but  one  index  and  vernier. 

VI.  The  Vernier-Plate  F  (fig.  26),  is  a  circular  plate,  fixed  on 
the  top  of,  and  exactly  perpendicular  to,  the  inner  vertical  axis  (con- 
cealed in  the  figure).  It  carries  at  its  sides  the  supports  D,  D,  of 
the  horizontal  axis,  in  its  centre  a  magnetic  compass  with  a  glass 
top,  and  near  its  edge  a  pair  of  spirit-levels  f,/,  at  right  angles  to 
each  other.  At  two  points  on  its  edge,  diametrically  opposite  to 
each  other,  are  two  indices  with  verniers,  read  by  means  of  the 
microscopes^,  g.  (In  many  theodolites  there  is  but  one  microscope 
for  this  purpose,  which  is  shifted  round  to  the  one  or  the  other 
vernier  as  required.) 

In  Colonel  Everest's  theodolite  the  place  of  the  lower  horizontal 
circle  is  supplied  by  three  horizontal  arms  diverging  from  the  top 
of  the  inner  vertical  axis  at  equal  angles  of  120®,  and  having  indices 
and  verniers  at  their  ends;  and  instead  of  the  two  spirit-levels^J^ 
there  is  one  spirit-level  fixed  parallel  to  the  horizontal  axis. 

VII.  The  Horizontal  Circle  G  has  its  edge  or  limb  bevelled  to 
the  figure  of  the  frustum  of  a  cone,  and  graduated;  the  d^rees 
being  numbered  continuously  round  it  towards  the  right,  up  to 

*  According  to  the  ordinary  constraction  of  a  vernier,  its  total  length  conaUts  of 
a  number  of  divisionB  of  the  primary  scale  less  by  one  than  the  nomber  of  smaller 
divisions  into  which  those  divisions  are  to  be  subdivided.  Suppose,  for  example, 
that  the  limb  of  one  of  the  circles  of  a  theodolite  is  divided  to  third  parts  of 
a  degree,  or  20',  and  that  it  is  to  be  sabdivided  by  a  vernier  to  third  parts  of  a 
minute,  or  20",  each  subdivision  being  one-sixUeih  part  of  a  primary  division:  the 
length  of  the  vernier  will  be  60  —  1  =  59  divisions  of  the  primary  scale,  and  it  viU 
be  divided  into  60  equal  parts,  each  equal  to  59-60tlia  of  a  division  of  the  primary 
scale. 
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3^y  M  indicated  bj  the  sketch,  fig.  S9.  The  fikoes  of  the  Teniien 
are  portions  <^  the  same  conical  sor&oe.  An  arm  projecting  from 
the  Tenuer-jJate  (or  in  Colonel  Everest's  theodolite,  from  the  inner 
Tertical  axis)  carries  the  damp  H  for  laying  hold  of  the  circle 
after  the  tekeoope  has  been  tamed  iq>prozimatelj  towards  an 
olject  by  hand,  and  the  tanffenl-serew  I  for 
giving  the  Temier-plate  a  slow  motion  nntU 
the  line  of  coIlimaticHi  points  exacU  j  towards 
the  object 

The  aae  id  the  drdes  of  a  theodolite,  both 
horiaontal  and  Terticsl,  and  the  minuteness 
of  their  graduations,  depends  on  the  extent 
and  aocunu^  of  the  operations  for  which 
they  are  intended.  Four  inches  and  eight 
inches  in  diameter  are  about  the  extreme 
limits  of  diameter  for  horizontal  circles  in 
those  made  for  any  ordinary  purpose,  though  a  few  have  been  made 
of  larger  sizea  Those  most  commonly  used  in  surveying  have  circles 
of  five  inches  in  diameter,  dirided  into  half-degrees,  and  subdivided 
by  the  venders  to  single  minutes,  and  by  estimation  with  the  eye  to 
half  or  quarter  minutea  For  such  purposes  as  the  principal  tri- 
angulation  of  the  survey  for  a  line  of  railway,  and  for  ranging 
curves,  a  larger  theodolite  is  requisite:  it  is  generally  sufficient 
to  use  one  with  drdes  of  six  indies  in  diameter,  divided  to  twenty 
minutes,  and  subdirided  by  the  verniers  to  twenty  seconds,  and  l^ 
estimation  wiih  the  eye  to  ten  seconds. 

YIIL  The  Outer  Vertical  AxU  K  is  fixed  to  the  horizontal 
circle,  and  is  a  tube,  containing  within  it  and  aocnrately  fitting 
the  inner  vertical  axis.  It  turns  round  on  a  ball-and-socket  joint 
at  its  lower  end;  and  is  dam^ied  in  any  required  position  by 
means  of  a  collar  wiih  a  tightening-screw  k.  From,  the  collar 
projects  an  arm,  acted  upon  by  means  of  the  tangent-screw  t,  so 
as  to  give  a  slow  motion  in  azimuth  to  the  horizontal  circle  when 
the  outer  vertical  axis  is  damped.  The  fixed  nut  of  this  screw  is 
attached  to— 

IX.  The  Upper  Parallel  Plate  L,  throng  a  cylindrical  socket  in 
which  the  outer  vertical  axis  passes,  so  as  to  be  always  at  right 
angles  to  it  The  four  plate-9crew8  /,  /,  /  (and  a  fourth  concealed), 
Mrve  to  place  the  vertical  axes  truly  vertical,  by  adjusting  the 
position  of  the  plate  L  relatively  to — 

X.  The  Lower  ParaUd  Plate  M,  to  the  centre  of  which  the  outer 
'Vertical  axis  is  attached  by  means  of  the  ball-and-socket  joint 
before  mentioned.     This  plate  is  screwed  upon — 

XL  The  Staff-Head  N,  which  is  supported  by  three  strong 
^<)o<len  legs.     In  the  middle  of  the  lower  side  of  the  stafi'-heai^ 
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directly  tinder  tlie  vertical  axis,  is  screwed  a  book  (concealed 
in  the  figure),  from  whicli  a  plummet  is  bung,  in  order  to  ascertain 
wbetber  tbe  centre  of  the  theodolite  is  exactlj  oyer  the  statioiL 
on  the  ground. 

Instead  of  tbe  upper  parallel  plate.  Colonel  Everest's  theodolite 
has  three  diverging  arms  (fig.  30),  as  in  an  astronomical  circle, 
with  a  vertical  foo&screw  supporting  the  end  of  each.  The  lower 
end  of  each  screw  has  a  shoulder,  bj  means  of  which  it  is  held 

down  to  the  plate  which 
forms  tbe  top  of  the  staff- 
head;  and  those  shoulders 
form  the  only  attachment 
between  tbe  staff-head  and 
the  instrument.  Tbe  diief 
advantage  of  this  construc- 
tion is,  that  tbe  three  foot- 
screws  can  be  adjusted  with 
one  hand;  whereas  the  ad- 
justment of  the  four  plate- 
screws  in  the  ordinary 
construction  requires  both 
hands. 

In  some  theodolites  a 
second  telescope  is  attached 
below  tbe  horizontal  circle, 
in  order,  by  directing  that 
telescope  on  an  object^  to 
test  wbetber  tbe  circle  has 


Fig.  80. 


been  disturbed  during  the  interval  between  two  observationsL 

35.  A^MBoneBts  •f  the  Theodolite. — ^The  adjustments  of  the 
theodolite,  as  well  as  those  of  eveiy  other  surveying  instrument, 
may  be  distinguished  into  temporary  adjustments,  wmch  are  made 
by  the  user  of  the  instrument  each  time  that  it  is  set  up,  and  per- 
manent adjustments,  which  are  made  by  tbe  manu&cturer,  and 
only  tested  and  corrected  occasionally  by  tbe  user. 

L  The  Temporary  Adjtt^ments  will  now  be  described,  on  the 
supposition  that  the  permanent  adjustments  are  correct. 

(1.)  Place  the  theodolite  at  the  station  by  tbe  aid  of  the  plumb- 
line  mentioned  in  Division  XI.  of  the  last  Article. 

(2.)  To  ^'level  the  instrument " — ^that  is,  to  place  tbe  vertical 
axis  truly  vertical — ^the  easiest  process  is  to  make  the  vernier- 
plate  truly  horizontal  by  means  of  the  spirilrlevelsj^/  For  that 
purpose  it  is  to  be  turned  into  such  a  position  that  the  two  spirit- 
levds  I,  I  shall  be  parallel  respectively  to  the  two  diagonals  of  the 
square  formed  by  tbe  plate-screws.     Then  the  bubble  ia   to  be 
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bioaglit  to  the  centre  of  each  level  by  turning  the  pair  of  plate- 
screws  to  whose  plane  the  level  lies  parallel 

A  more  exact  adjustment,  however,  can  be  made  by  means  of 
the  level  e  attached  to  the  telescope,  because  it  is  larger  and  more 
delicate  than  those  attached  to  the  vernier-plate.  To  effect  this 
adjustment,  turn  the  vemier^plate  till  the  telescope  is  over  one  pair 
of  plate-screws :  by  the  aid  of  the  tangent-screw  dy  adjust  the 
vertical  circle  cardully  to  0^ ;  turn  the  pair  of  plate-screws  trnder 
the  telescope  until  the  bubble  is  brought  to  the  centre  of  the  spirit- 
level  :  torn  the  vernier-plate  round  through  180^;  if  the  bubble 
now  deviates  from  the  centre  of  the  spirit-level,  correct  one-half  of 
the  deviation  by  the  tangent-screw  dy  and  the  other  half  by  the 
plate-screws :  turn  the  vernier-plate  through  90°,  so  as  to  bring  the 
telescope  over  the  other  pair  of  plate-screws,  by  means  of  which 
bring  the  bubble  to  the  centre  of  the  level  again  :  the  vertical  axis 
is  now  truly  vertical 

If  the  bubbles  are  not  now  at  the  centres  of  the  vernier-plate 
levels  >^/,  those  levels  are  not  truly  perpendicular  to  the  vertical 
axis ;  but  the  correction  of  this  error  belongs  to  the  peimanent 
tdjustmenta. 

In  Colonel  Everest's  theodolite  the  vertical  axis  is  adjusted  by 
means  of  the  level  which  is  parallel  to  the  horizontal  axis,  by  first 
placing  that  level  parallel  to  a  line  joining  any  two  of  the  three  foot- 
screws,  and  bringing  the  bubble  to  the  centre  by  turning  one  or  both 
<tf  them,  and  then  turning  the  upper  part  of  the  instrument  through 
90^,  and  bringing  the  bubble  to  the  centre  of  the  level  in  its  new 
position  by  means  of  the  third  foot-screw. 

(3.)  To  adjust  the  telescope  for  the  prevention  of  "  parallax  *' — 
that  is,  to  bring  the  fod  of  the  glasses  to  the  cross-wires, — ^look 
throng^  the  telescope,  and  shift  the  eye-piece  in  and  out  until 
the  cross-wires  are  seen  with  perfect  distinctness.  Then  direct  the 
telescope  to  some  well-defined  distant  object,  and  by  means  of  the 
milled  head  6,  shift  the  inner  tube  in  and  out  until  the  image  of 
the  object  is  seen  sharp  and  dear,  coinciding  apparently  with  the 
cross-wirea 

The  latter  part  of  this  adjustment  has  to  be  made  anew  for  each 
dew  object  at  a  different  distance  from  the  preceding  on&  The 
nearer  the  object,  the  further  must  the  inner  tube  be  drawn  out. 

A  good  test  of  the  adjustment  for  parallax  is  to  move  the  head 
from  side  to  side  while  looking  through  the  telescope.  If  the  ad- 
JQStment  is  perfect,  the  image  of  the  object  will  seem  steadily  to 
coindde  with  the  cross-wires  :  if  imperfect,  the  image  will  seem  to 
'v&ver  as  the  head  is  moved.  If  the  image  seems  to  shift  in  the 
ypotUe  direction  to  the  head,  the  inner  tube  must  be  drawn  out 
fcthcr :  if  in  the  same  direction,  it  must  be  drawn  inwards 
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IL  The  Permanent  Adjustmenis  should  be  tested  from  time  to 
time;  bat  in  a  wdl-made  theodolite  they  will  seldom  leqaiie 
correction.  Before  testing  those  adjustments^  the  temporaiy  ad- 
justments flhonld  be  made  with  care. 

(1.)  The  Adjustment  of  the  Line  of  CcUimaiion,  in  a  transit  theo- 
dolite, and  also  in  Colonel  EverestX  consistB  in  placing  that  line 
precisely  at  right  angles  to  the  horizontal  uxjb.  To  effect  this, 
direct  tiie  line  of  collimation  towards  some  veiy  distinct  distant 
object,  bringing,  by  means  of  the  tangent-screw  of  the  horizontal 
circle,  the  cross-wires  to  coincide  in  azimuth  with  the  image  of  a 
well-defined  point  in  that  object  The  vertical  circle  should  be 
imclamped  Now  lift  the  horizontal  axis  out  of  its  bearings,  and 
replace  it  with  the  ends  reversed,  so  that  the  telescope  is  upside 
down ;  if  the  cross-wires  now  coincide  in  azimuth  with  the  same 
object^  the  line  of  collimation  is  perpendicular  to  the  horizontal 
axis ;  if  not,  one-half  of  the  deviation  is  to  be  corrected  by  ahifting 
the  cross-wires  by  means  of  the  horizontal  adjusting-screws  of  the 
diaphragm,  and  the  other  half  by  the  tangent-screw  of  the  horizontal 
circle.  Keverse  the  horizontal  axis  again,  and  repeat  the  operation 
till  the  adjustment  is  perfect. 

In  the  transit  theodolite  there  is  another  mode  of  reversing  the 
telescope  to  perform  this  adjustment,  which  consists  in  turning 
the  telescope  over  on  its  horizontal  axis,  and  then  taming  it  round 
through  exactly  180^  in  azimuth. 

In  the  common  theodolite  the  line  of  collimation  is  adjusted  bj 
turning  the  telescope  half  round  in  its  Ys  about  its  own  axis,  and 
observing  whether  the  cross-wires  continue  to  coincide  with  the 
same  object  Should  they  deviate,  half  the  deviation  is  to  be 
corrected  by  the  diaphragm-screws,  and  the  other  half  by  the 
tangent-screw  of  the  horizontal  circle.  This  adjustment  places  the 
line  of  collimation  in  coincidence  with  the  axis  of  the  Y^s.  The 
adjustment  of  the  latter  line  perpendicular  to  the  horizontal  axis  is 
left  to  the  instrument  maker. 

(2.)  The  AdjvMment  of  the  Levd  aUcuhed  to  tJie  Telescope  can  only 
be  effected,  in  the  transit  theodolite,  by  methods  which  will  be 
explained  in  treating  of  the  adjustment  of  levelling  instruments. 
The  same  may  be  said  of  the  adjustment  in  a  vertical  direction  of 
the  line  of  collimation.     (See  Art  50.) 

In  the  common  theodolite,  having  levelled  the  level  attached  to 
the  telescope  by  the  tangent-screw  of  the  vertical  circle,  lift  the 
telescope  out  of  the  Y's  and  set  it  down  again  turned  end  for  end. 
If  the  bubble  deviates  from  the  centre  of  the  level,  correct  half  the 
error  by  the  adjusting-screws  which  connect  the  level  with  the 
telescope,  and  the  other  half  by  the  tangent-screw  of  the  vertical 
circle. 


CI 

(1)  To  Mstem  tfe  Imia^erfm-  o^tfte  TtrtiiJ  Cbde,  set 


lieui  of  ttmptmarr  iljml^iqits :  set  iLe 
aoope  OMdj  lei«l;  obacrtv  the  reidm?  oa  iLe  xenieml  citm;  if 
it  is  0%  tiiere  k  bo  csror;  if  it  dintfn  frc<a  U*,  ibe  diaexviKe  is  aa. 
cmr  in  the  pnwtinn  of  the  index  of  ti^  v^erskal  €srae,  to  be 
aUowvdfioriii  ta^A  mn^  miemsartd. 

(4)  Hie  Jiffutefltf  ^  Ae  Hmzx'rJal  Ajm  txm&y  r^sTni^:^ 
to  tie  Vertieml  Axis  is  gaKnlij  kft  to  the  izscrssK^t  luiuer:  U=t 
in  aone  theodolites  tiim  are  anJ^rzsdiiif-scTrv?  ii-ir  i£«  sszr^iatrm  <f 
toe  kifiaoiitsl  axis.  In  tlik  case  i]ke  perpez.  ii-r^LJkrhj  c^  ifie  boci- 
mttal  to  tiie  Tcrdeal  axis  laaT  be  tesied  br  direcsirx  ^^  tikJesecT^ 
on  an  object  vbaae  ahimde  is  oc'iisEdeTait^ue :  t£i«i  mz^ir:?  it  rcfiLd 
tiuoo^  exaetij  \bi^  in  azim^nh.  abi  tciziir^  h  cxo-  izi  a  T€n»l 
piaae  so  as  to'  look  at  tbe  saioe  c-b;^c<.  If  ux-  cross-vires  caii 
apia  be  braiigbt  to  e&ir«c>ie  viiii  toe  or;i««t.  iLe  atij-^tcoo.!  is 
ooneet ;  if  not,  balf  t2ie  deriatx-n  is  to  be  c»:n«cted  t  j  iLe  iar.r?:i«- 
Boev  of  tbe  hurinital  crde.  aztd  tbe  rKra:r.>er  'fv  isx  ai -iikitlv. 
Kievi  of  tbe  supports  ;  astd  ti:ie  c^^raiii-n  is  to  be  i«pea::;oi  i^  lije 
adjustment  is  fmaid  to  be  oonecs. 

This  adjnstawat  maj  also  be  tested  hr  ohserrhir  ^Y^rl^sr^  vben 
^  instrument  is  Hsmped  in  ascirii.  iLe  crcis-v^lres  TzaT€zse  an 
object  and  its  image  as  icdected  frcsn.  a  levei  ssrfbse  cf  f  iSi. 

do.  KcaaMrfBig  ■«■§■■■•■■  Aa^cB  «l*  lAw  VhcadaMH^d — 1  >SQeasciie 

the  banzonml  projection  of  tbe  aixrl^  5cl^u^T.-ir:*i  at  a  frrea  £sai£:n 
A»  bv  the  direction  <4  two  o^'ecia  B  and  C, — ^in  ci-er  ■■■■c^ri*.  liie 
£lSerenoe  of  azimiith  of  tbe  two  ol  -eirt.^. — *«ri  -si^  the  iL-ec-i .  l:ie  ai 
tfe  station,  and  make  tbe  teciT*:ruT-  &-i;:i5:z=.r^ts  as  deacnc*^!  in 
the  preceding  Artide.  Tbe  o^rKr  TerLxskl  aii*  beirr  rltr^  T:*T*i.  ai-i 
the  Tcmier-plate  and  vertical  cirr>  A  Td-:LA=ixei  direct  iLe  vl-e- 
seope  tovaids  otie  of  tbe  i-c/ccts  ss  B  «  as  ap^^Tmvrlj  as  v^-'  '^ 
W  the  band  ;  damp  tbe  TeTT-kr-pIate,  ai>i  vy  ii<  taz-^-i-fiTTVTr 
inng  tbe  croas-vires  to  eorer  iLe  c'^'-ect  exaeuj.  B^s^i  lije 
degrees^  minutes;,  aad  fcooikds  iz^^z^^a^i  vj  OT.e  xerii^r.  az.i  tije 
■dantes  and  aeeonds  indka^eii  vj  ti>e  C'tirr.  ar.  i  r.:t«r  iLr=L  ^.ws. 
Fiad  the  mnn  are  iulicated.  W  serdi^  L .wn  lire  esiTire  dr::r«A^  as 
lead  on  the  fiist  Temier,  and  tLe  iz^ean  bera-ecs  tbe  adiiikrZdti  aics 
in  minutes  and  seconds  m^  reai  vj  the  two  vtriiios. 

Unckmp  tbe  Tenuer-f^ate.  direct  tbe  trlesoope  tfirvards  tbe  zrL^ 
street  <C),  and  psoceed  as  befc^e,  talrirrg  care  to  read  tbe  e::tire 
^Vees  on  the  same  Tvniier. 

The  difaeiiLe  between  the  mean  arcs  read  off  vben  tbe  line  c^ 
ttAimation  is  directed  townidB  B  azkd  C  resperiirelT.  is  tbe  req^iirEd 
^■fcvnee  i£  azinnith.  or  the  boriK>ntal  ar.gle  B  A  C. 

Ihe  nihjiit  of  rending  the  minutes  and  seoocds  on  both 
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and  taking  the  mean,  is  to  correct  the  effect  of  any  errors  which 

might  arise  from  the  vertical  axis  not  being  exactly 
concentric  with  the  graduated  limb  of  the  hori- 
zontal circle.  In  fig.  31,  let  E  C  and  D  B  be  two 
straight  lines  cutting  each  other  in  A,  a  point  not 
in  the  centre  of  the  circle  B  C  D  R  The  eccen- 
tricity of  that  point  produces  equal  and  opposite 
Fig.  81.  deviations  in  the  arcs  B  C  and  D  E  from  the 
arc  which  would  subtend  an  angle  equal  to  B  A  0  at  the  centre 
of  the  circle ;  so  that  the  mean  of  those  arcs  is  exactly  equal  to 
the  arc  which  correctly  measures  the  angle  BAG,  how  great 
soever  the  eccentricity  may  be. 

The  same  object  is  attained  in  Colonel  Everest's  theodolite  by 
taking  the  mean  of  the  arcs  read  off  by  the  three  equidistant  ver- 
niers, which  are  used  in  order  to  give  better  security  against  errors 
in  graduation  than  two  verniers  give. 

In  the  transit  theodolite,  errors  arising  from  the  horizontal  axis 
not  being  exactly  perpendicular  to  the  vertical  axis  may  be  elimi- 
nated by  turning  the  telescope  over  about  the  horizontal  axis,  and 
half  round  about  the  vertical  axis,  repeating  the  measurement 
of  the  angle  in  this  new  position,  and  taking  the  mean  of  the 
results. 

When  a  series  of  horizontal  angles  has  been  measured  at  a 
station  between  a  series  of  objects,  returning  at  last  to  the  object 
with  which  the  observations  commenced,  the  accuracy  of  the  obseiv 
vations  may  be  tested  by  adding  the  angles  together ;  when  their 
sum  ought  to  be  exactly  360°.  Should  it  differ  by  a  small  arc  from 
360**,  the  most  probable  values  of  the  several  angles  will  be  found 
by  dividing  the  total  error  by  the  number  of  eiTors  to  find  the 
correction,  which  is  to  be  added  to  or  subtracted  from  each  of  them 
according  as  their  sum  is  too  small  or  too  large. 

When  very  great  accuracy  is  required  in  measuring  a  horizontal 
angle,  the  effect  of  errors  of  graduation  may  be  diminished  to  any 
required  extent  by  the  process  called  Bepetition,  which  ia  aa 
follows  : — 

Clamp  the  vernier-pUUey  and  read  the  verniers. 

TJnclamp  the  vertical  axis ;  direct  the  telescope  towards  B  \ 
clamp  the  vertical  axis,  and  direct  the  line  of  coUimation  exactly 
towards  B  by  the  tangent-screw  of  the  vertical  cucia, 

TJnclamp  the  vemier-pUUe ;  direct  the  telescope  towards  C  ; 
clamp  the  vernier-plate,  and  direct  the  line  of  colHmation  exactly 
towards  C  by  the  tangent-screw  of  the  vernier-plate. 

TJnclamp  the  vertical  axis,  &c  (as  before). 

Itepeat  the  whole  operation  as  many  times  as  it  is  required  to 
reduce  the  errors  of  graduation,  observing  alvtayu  to  direct  the 
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line  of  oolIim&tiDn  towards  B  by  turning  the  rertical  axis,  and 
towards  C  bj  taming  the  vemier-plate.  Finally,  the  line  of  col- 
limation  being  pointed  towards  C,  read  the  vemieis,  remembering 
to  reckon  360°  for  each  complete  revolution  of  the  veruier-plate 
tqnn  the  horizontal  circle. 

The  difference  between  the  arcs  read  at  the  beginning  and  at  the 
end  of  the  process  will  be  equal  to  the  arc  subtended  by  the  angle 
B  A  C  multiplied  1^  the- number  of  repeHtiont;  and  being  divided 
bj  tbat  namber  will  give  the  required  anglet  The  multiplied  arc 
inll  bo  affected  by  only  one  error  of  graduation,  which  will  be 
divided  in  finding  the  required  arc ;  so  tbat  the  error  in  the  final 
tesult  will  be  equal  to  the  original  error  divided  hy  the  number  of 
repetitions. 

This  process  diminishes  the  effect  of  errore  of  observation  some- 
what, but  not  in  l^e  same  proportion  with  errors  of  graduation; 
because  an  observer  tends  in  general  to  make  errors  in  the  same 
direction  at  each  observation;  and  such  errors  accumulate  by 
repetition. 

37.  KcAeoiBB  ■■HtaMeau  are  used  chiefiy  in  navigation  and 
mirine  surveying ;  but  as  they  are  occasion^ly  used  in  land  eur- 
re^ng  also,  a  general  description  of  their  constraction  and  action 
wUl  be  given  hera 

The  prindple  upon  which  reflecting  iustniments  act  is  this ; — that 
if  there  are  two  plane  mirrors  whose  reflecting  surfaces  make  a 
given  angle  with  each  other,  and  a  ray  of  light,  in  a  plane  perpen- 
dicular to  the  planes  of  both  ^- 
mitrors,  ia  reflected  from  both 
tacceeai  vely,  its  direction  after 
the  second  reflection  makes 

with  its  original  direction  an  --^ 

•ogle  whichjs  double  of  the 
angle  made  by  the  mirrors 
vith  each  other. 

One    application    of   this 
principle — the  optical  square  , 
—has  already  been  described 
hi  Article  24,  page  21. 

The  SemiMi  (fig.  32)  is  of 
fteformof  asectorofacircle,  _.    „ 

of  60*,  and  sometimes  rather 

morc^  in  angular  extent.  A  B  is  the  graduated  limb,  on  which  the 
dsgRea  are  of  one-half  of  the  extent  of  those  on  a  non-reflecting 
inttrament;  so  that  for  example,  an  exaot  sextant  is  divided  into 
lU  degrees  instead  of  60°.  0  Q  is  the  index,  having  a  vernier, 
•od  a  microaoope  M  for  reading  the  divisiona.     At  the  back  of  the 
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instniment  is  a  clamp-screw,  not  shown,  for  holding  the  index  in 
anj  required  position,  and  at  D  is  a  tangent-screw  for  giving 
it  a  slow  motion  to  complete  its  adjustment  The  two  mirrors 
Lave  their  planes  at  right  angles  to  the  plane  of  the  instrument; 
one  of  them,  called  the  "  index-glaaSy*  C,  is  carried  by  the  index  at 
its  centre  of  motion ;  the  other,  called  the  " liorizon-glass"  N,  is 
carried  hj  the  frame  of  the  sector;  half  of  it  is  silvered  and  the 
remainder  unsilvered.  The  unsilvered  half  is  the  further  from  the 
face  of  the  instrument.  Both  mirrors  should  be  made  of  strong 
plate  glass,  with  its  sur&ces  exactly  plane  and  parallel 

T  is  a  telescope  directed  towards  the  horizon  glass.  It  is  carried 
by  a  ling  K,  and  capable  of  adjustment  to  a  greater  or  less  distance 
from  the  plane  of  the  instrument;  and  the  object  of  that  adjustment 
is,  to  vary  the  proportions  of  the  light  received  from  the  silvered 
part  and  through  the  unsilvered  paiii  of  the  horizon-glass,  so  as  to 
render  the  images  of  two  luminous  objects  seen  directly  and  by 
i^eflection  equally  bright,  although  the  objects  themselves  may  be 
unequally  blight  That  equalization  of  brightness  is  favourable  to 
accuracy  in  observing  angles. 

E  and  F  are  sets  of  darkening  glasses,  of  various  colours  and 
shades,  which  are  used  when  required,  to  moderate  the  light  from 
very  bright  objects,  such  as  the  sun. 

H  is  the  handle  by  which  the  instrument  is  held. 

Sextants  for  nautical  purposes  usually  have  the  graduated  limb 
of  from  six  to  eight  inches  radius,  the  graduated  iLnb  being  sub- 
divided by  the  vernier  to  20"  in  the  smaller  sizes,  and  10"  in  the 
larger.  The  observer  can  in  each  case  read  to  one-half  of  these 
arcs  by  estimation. 

The  nautical  sextant  is  seldom  used  for  land  surveying.  For 
that  purpose  the  hox-sextant  is  employed,  and  for  triangles  of  small 
extent  only,  not  exceeding  about  a  mile  in  length  of  side.  The 
box-sextant  is  a  sextant  so  small  as  to  be  entirely  contained  withiu 
a  cylindrical  brass  box  of  about  three  inches  in  diameter  and  two 
inches  in  depth.  It  is  graduated  to  half-degrees,  and  subdivided 
by  the  vernier  to  minutes,  and  by  estimation  to  half-minutes.  It 
is  usually  furnished  with  a  small  telescope,  which,  however,  it  is 
seldom  necessary  to  employ,  a  plain  sight-hole  being  used  instead. 
The  index  is  moved  by  a  pinion  and  toothed  sector. 

The  box-sextant  has  sometimes  a  contrivance  added  for  enabling^ 
it  to  measure  angles  greater  than  120^  That  contrivance  depends 
on  the  principle,  tliat  ifinioo  reflected  rays  of  light  proceed  in  the  same. 
direction  from,  two  mirrors  which  make  an  angle  wUh  each  other,  ths 
directions  of  the  rays  before  reflection  make  double  that  angle  with 
each  otJier;  and  it  consists  of  a  small  mirror  below  the  index-glass, 
fixed  in  such  a  position  that  when  the  index  is  at  the  mark  nuia* 
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bend  180*  upon  what  is  called  the  '^  supplementaiy  arc,"  those  two 
minotB  are  at  right  angles  to  each  other ;  and  the  objects  whose 
imsges  as  seen  in  them  appear  to  coincide  in  direction,  lie  in  fact 
in  diametricallj  opposite  directions. 

Tronghton^s  Bcfleciias  cireie  is  an  instrument  having  the  minors 
and  telescope  of  a  sextant^  together  with  a  completely  circular 
limb,  and  three  indices  radiating  from  its  centre  at  angles  of  120*. 
Bj  observing  each  angle  with  the  instrument  in  two  positions, 
rttding  each  angle  observed  upon  the  three  verniers,  and  taking 
the  mean  of  the  six  results,  some  of  the  errors  of  a  sextant  are 
avoided,  and  others  diminished. 

The  Vmkrtanml  laaininieiit,  as  improved  hj  Professor  Piazad  Smyth, 
is  a  sort  of  reflecting  circle,  in  which  a  spirit-level  with  a  very  small 
bubble  is  so  placed  that  by  means  of  a  lens  and  a  totally  reflecting 
prism  an  image  of  the  bubble  is  formed  at  the  focus  of  the  telescope, 
aud  the  coincidence  of  the  centre  of  that  image  with  the  cross-wires 
shows  when  the  line  of  collimation  is  truly  horizontal 

The  Ad|i«sCHMats  Af  the  Sextaac  are  ae  fellewa  i — 

(1.)  To  place  the  index-glass  exactly  perpendicular  to  the  plane 
of  the  instrument.  This  adjustment  is  made  by  the  maker ;  but 
the  observer  may  test  it  by  setting  the  index  to  about  60%  and 
looking  at  the  image  of  the  limb  of  the  instrument  as  reflected  in 
the  index-glass ;  when  the  real  limb  and  the  image  ought  to  seem 
to  form  one  continuous  arc. 

(2.)  To  place  the  horizon-glass  exactly  perpendicular  to  the  plane 
of  the  instrument.  This  adjustment  is  tested  by  clamping  the 
index  near  to  0*;  looking  at  some  well-defined  far  distant  object, 
and  turning  the  tangent-screw  of  the  index  till  the  object  as  seen 
directly  and  its  reflected  image  are  made  to  seem  to  coincide,  if 
possible.  If  the  horizon-glass  is  correctly  adjusted,  it  will  be 
possible  to  make  the  apparent  coincidence  exactly;  if  not,  the  glass 
must  be  corrected  by  means  of  adjusting  screws  witii  which  it  is  fitted* 

(3.)  To  ascertain  the  "  index-^rror"  the  angle  marked  by  the 
index  is  to  be  read  off  when  the  above-mentioned  coincidence  has 
been  made.  If  there  is  no  index-error,  the  index  will  mark  exactly 
0°:  any  deviation  from  this  is  to  be  noted  down  as  the  index-error 
of  the  instrument,  and  allowed  for  in  all  future  angular  measure- 
ments. Por  the  purpose  of  measuring  the  index-error  when  it  is 
negative  (that  is — ^when  the  correction  for  it  is  to  be  added),  the 
gr&duations  of  the  limb  are  carried  a  short  distance  back  from  0*. 
In  reading  this  part  of  the  limb  (called  the  "  arc  of  excess*'),  the 
divisions  of  the  vernier  are  to  be  reckoned  the  reverse  way. 

(4.)  The  parallelism  of  the  line  of  collimation  of  the  telescope  to 
the  plane  of  the  instrument  is  tested  by  placing  the  index  so  as  to 
prodooo  the  apparent  coincidence  of  two  distinct  objects  whose 

9 


66  XHOnOBBBING  OEOUBT, 

directioiui  make  an  angle  of  90^,  or  thereaboais,  and  obflerving 
whether  a  alight  motion  of  the  plane  of  the  sextant  abont  an  axis 
traversing  the  object  seen  by  reflection  disturbs  the  apparent  onn- 
cidenoe^  which  it  should  not  do  if  the  adjustment  is  correct. 

38.  Vm  mt  iIm  ScortMit  la  8«rrefiii«.~To  measure  a  horizontal  or 
nearly  horizontal  angle  with  the  sextant,  hold  the  instrument  so  that 
the  plane  of  its  face  shall  pass  through  the  two  objects  subtending 
the  angle :  look  through  the  telescope  or  sight-hole  at  the  object 
which  is  fiirthest  to  the  left,  so  as  to  see  it  through  the  unsilvered 
part  of  the  horizon-glass ;  move  the  index  by  hand  until  the  reflected 
image  of  the  right-hand  object  is  seen  in  the  silvered  part  of  the 
horizon-glass  j  cdamp  the  index,  and  move  it  slowly  by  the  tangent- 
screw  till  that  image  apparently  coincides  with  the  left-hand  oQect. 
(In  the  box-sextant,  the  entire  motion  of  the  index  is  produced  by 
turning  the  pinion.)  Then  read  the  angle  by  means  of  the  index 
and  vernier,  and  add  or  subtract  the  index-eri'or  according  as  it  lies 
behind  or  in  advance  of  0®. 

In  flg.  32,  P  S'  represents  the  direction  of  the  left-hand  object ; 
P  S  that  of  the  right-hand  object     When  the  image  of  the  latter 
appears  to  coincide  with  the  former,  the  rays  of  light  coming  from 
the  right-hand  object  are  reflected  from  the  mirror  C  to  the  mirror  N, 
and  thence  to  the  eye  in  the  same  direction  with  those  which  come 
directly  from  the  left-hand  object;  and  according  to  the  principle 
stated  at  the  beginning  of  the  last  article,  the  angle  made  by  the 
directions  of  the  objects  S,  P,  S',  is  double  of  that  made  by  the  planes 
of  the  mirrors.     When  the  mirrors  are  parallel  to  each  other,  the 
index  points  to  0®  (or  deviates  from  that  point  by  the  index-error 
only);  and  the  divisions  marked  as  degrees  on  the  limb  are  of  half 
the  length  of  actual  degrees;  so  that  tiie  angle  read  ofl*  on  the  limb 
(index-error  being  allowed  for),  is  the  angle  between  the  directions 
of  the  objects.     K  there  is  much  difference  in  the  distinctness  of 
the  objects,  the  less  distinct  object  should  be  looked  at  directly ; 
and  should  it  lie  to  the  right  of  the  other,  the  face  of  the  sextant 
must  be  turned  downwarda 

In  order  that  the  angle  measured  may  be  a  horizontal  angle,  the 
two  objects  and  the  observer's  eye  must  be  at  the  same  leveL   When 
this  is  not  the  case,  three  methods  may  be  followed.     The  least 
accurate  is,  to  choose  by  the  eye  two  objects  in  the  same  vertical 
pLines  with  the  objects  whose  relative  azimuth  is  to  be  found,  and 
as  nearly  as  possible  on  a  level  with  the  observer's  eye,  and  to 
measure  the  angle  between  these.     To  attain  greater  accuracy,  t\ro 
vertical  poles  are  to  be  ranged  and  adjusted  by  the  plumb-line^  in. 
the  directions  of  the  two  objects,  and  the  angle  between  them. 
measured  with  the  plane  of  the  sextant  horizontal     In  ludng  tlie 
box-sextant  for  the  details  of  a  survey,  one  or  other  of  these  meUiodv 
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is  in  general  sufficiently  accurate^  if  the  ground  is  not  very ' 
hilly. 

The  most  accurate  method  is  to  measure  the  angle  between  the 
objects  themaelves,  and  to  take  also  the  angle  of  altitude  or  depres- 
sion of  each.  (The  taking  of  such  angles  will  be  farther  considered 
under  the  head  of  levelling. )  The  zenith  diatcmce  of  eaoh  object  is 
found  by  subtracting  its  altitude  from,  or  adding  its  depressioi]  • 
to,90». 

In  fig.  33,  let  O  represent  the  observer's  station ;  O  B,  O  0,  the 
directions  of  the  objects;  B  O  C  the  angle  between 
ikem;  O  D  E  a  horizontal  plane;  DOB  and  EGO 
the  altitudes  of  the  objects;  O  A  a  vertical  line^  and 
A  D  E  a  spherical  sur&ce. 

Then,  in  the  spherical  triangle  ABO,  the  three  sides  o 
are  given,  vizL,  A  B  and  A  0,  the  zenith  distances,  and 
B  0,  the  angle  between  the  objects;  and  the  horizontal 
projection  of  that  angle,  being  equal  to  the  angle  A, 
may  be  computed  by  the  proper  formula.    (See  Article  33,  Division 
Y.,  equation  66,  p.  50.) 

39.  Vam  •€  Um  c;«HpaM  la  0mrT«fiBg« — It  has  already  been  men- 
tioned that  the  tbeodolite  is  usually  provided  with  a  compass, 
carried  on  the  centre  of  the  vernier-plate.  This  compass  consists  of 
a  magnetic  needle,  hung  by  an  agate  cap  on  a  point  in  the  centre  of 
the  instrument,  and  of  a  flat  silver  ring  fixed  round  the  inside  of  the 
oompaas-boz,  and  divided  into  degrees  and  half-degrees,  the  num- 
bering of  which  usually  commences  at  a  point  exactly  under  the- 
telescope,  and  proceeding  tovxvrds  the  left,  goes  completely  round 
the  circle,  ending  at  the  point  where  it  started,  which  is  marked 
360®.  There  is  a  small  catch,  by  pressing  which  the  magnetic 
needle  is  lifted  off  its  bearing  when  not  in  use,  to  avoid  unnecessary 
wear;  and  by  which  also  its  vibrations  are  gradually  checked  when 
an  observation  is  mada  To  find  the  magnetic  bearing  of  any  object 
from  a  given  station,  the  line  of  collimation  of  the  telescope  is 
directed  towards  it;  and  the  surveyor,  when  the  vibrations  of  the 
needle  have  ceased,  reads  the  angle  to  which  tho  north  end  of  the 
needle  points,  and  which  denotes  so  many  degrees  to  the  east  of  north, 
Wlien  the  angle  to  the  east  of  north  exceeds  90^,  it  is  to  be  observed 
tiiat  90^  east  of  north  means  east^  ISO**  east  of  north,  southy  and 
270*  east  of  north,  west.  In  some  cases,  however,  the  ring  is 
divided  into  four  quadrants,  the  points  in  a  line  directly  under  the 
telescope  being  both  marked  0**,  and  the  points  in  a  line  perpen- 
dicular to  the  telescope,  90°,  as  in  ^g,  28,  p.  65]  and  then  the 
beazing  is  read  so  many  degrees  to  the  east  of  north,  west  of  north, 
of  south,  or  west  of  south,  as  the  case  may  be. 

The  compass  most  frequently  used  in  surveying  is  the  PriamcUia 
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CompcuSf  consisting  of  a  glass-oovered  box  three  or  four  indies  in 
diameter,  in  which  is  hung  a  magnetic  needle :  the  needle  carries 
a  light  graduated  silver  ring  fixed  upon  it,  and  the  box  has  sights 
fixed  to  its  lim.  The  farther  sight,  when  in  use,  stands  upright  to 
a  height  equal  to  the  diameter  of  the  box,  and  contains  a  vertical 
slit  with  a  vertical  wire  in  the  middle.  The  near  sight  has  a  very 
small  slit  to  look  at  the  object  through,  below  which  is  a  totally 
reflecting  magnifying  prism,  so  placed  as  to  show  to  the  eye  of  the 
observer  a  reflected  and  magnified  image  of  that  part  of  the  edge  of 
the  graduated  ring  which  is  directly  below  the  line  of  sight.  He 
diro^"^  the  sight  towards  an  object,  and  at  the  same  time,  and  with 
the  s&>w2  eye,  reads  its  bearing  on  the  ring.  In  order  to  show 
bearings  in  degrees  to  the  east  of  north,  the  numbering  of  the 
degrees  on  the  ring  begins  at  the  south  end  of  the  needle,  proceeds 
towards  Hie  riglU,  and  goes  completely  round  to  360^. 

The  "  Circumjferenter "  is  a  compass  with  sights  mounted  on  a 
stand,  chiefly  used  in  surveys  of  mines. 

The  horizontal  angle  subtended  by  two  objects  may  be  found  to 
a  rough  approximation  by  taking  the  diflerence  of  their  magnetic 
bearings. 

The  compass  cannot  be  read  in  surveying  to  less  than  a  quarter 
of  a  degree;  and  considering  the  continual  changes  which  go  on  in 
the  earth's  magnetism,  and  the  eflects  of  local  attraction,  it  is 
thought  doubtful  by  the  best  authorities  whether  magnetic  bearings 
can  be  relied  upon  even  to  half  a  degree.  Hence,  although  it  is 
fi  convenient  instrument  for  filling  up  small  details,  and  making 
jough  surveys,  it  is  not  to  be  used  where  accuracy  is  required. 

It  is  usual  to  mark  the  magnetic  north  upon  a  plan,  and  this  can 
easily  be  done  by  taking  the  magnetic  bearing  of  one  of  the  principal 
station-lines.  The  true  north  ought  to  be  shown  also,  and  the 
means  of  finding  its  direction  will  be  explained  in  Article  42. 

40.  Grcait  TrisoB«meiricai  Sarrer. — ^The  general  nature  of  a  sur- 
vey of  this  class  has  already  been  stated  in  Aiticle  12,  Division  (c), 
p.  13,  viz. : — ^measuiing  one  base-line  with  extreme  accuracy,  and 
finding  the  lengths  of  all  the  other  sides  of  triangles  by  calculation 
from  their  angles.  A  few  sides  of  triangles  may  be  measured  in 
parts  of  the  survey  far  distant  from  the  original  base,  in  order  to 
test  the  accuracy  of  the  whole  work:  these  are  called  bases  of 
verification. 

The  trigonometrical  calculations  required  in  a  survey  of  this  class 
consist  almost  entirely  in  computing  the  remainiug  sides  of  & 
triangle  when  one  side  and  two  of  its  angles  are  given :  as  to  whicb. 
computation,  if  the  triangle  is  sensibly  plane,  see  Article  33, 
Division  lY.,  equation  35,  p.  43,  and  if  it  is  sensibly  spherical. 
Article  33,  Division  YL,  pp.  51  to  53. 
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Tlie  fbnowing  points  require  some  fbrtiber  explanatioii : — 

L  lU-^imdUumed  Triangles^  that  is,  trian^ea  with  way  ang^e 
of  Icfli  than  30^  or  mate  than  150",  are  to  be  avoided  in  surveying 
bj  angles  as  weD  as  in  surveying  by  the  chain,  and  for  the  same 
reason.    (See  Article  26,  pi  24) 

IL  Cheeking  Jngles. — ^The  whole  three  angles  ci  each  great 
trian^e  shoold  be  measored,  in  order  that  ^e  aocoracy  of  the 
observations  maj  be  diecked  by  adding  them  together,  when  they 
ought  to  amount  to  180**  (  +  the  spherical  exoeas,  if  sensible;  see 
Article  33,  Diviaon  Yo  equation  58,  p.  48).  The  treatment  of 
nsavoidable  errors  has  been  explained  in  Article  33,  Division  YL, 
Problem  4,  p.  53. 

The  accuracy  of  the  measurement  of  the  internal  angles  of  any 
polygon  on  the  earth's  surface  may  be  checked  by  adding  them 
together;  when,  if  n  denotes  the  number  of  the  sides  <^  the  polygon, 
the  angles  ought  to  amount  to 

(ft—  2)  180"  +  the  spherical  excess,  calculated  from  the 
area  of  the  figure  as  for  a  triangle. 

IIL  Chedang  Sides. — ^In  a  complete  network  of  triangles,  it  will 
always  be  found  that  many  of  the  sides  are  so  placed  that  their 
kngtiis  can  be  calculated  independently  from  di^rent  sets  of  data, 
which  gives  the  means  of  checking  the  accuracy  of  the  measurements 
and  calculationsL 

lY.  Prolonging  ike  Bam, — ^As  it  is  necessary  that  the  base  should 
be  measured  on  a  level  piece  of  ground,  it  is  in  general  of  limited 
extent,  and  much  flhorter  than  the  sides  of  the  great  triangles ;  and 
its  ends,  also,  are  seldom  in  commanding  positions  suited  for  stationSb . 
Such  a  base  line  is  ^proiUmged^  by  ranging  straight  lines  in  con- 
tinuation of  it,  at  one  or  both  ends,  until  a  _ 
sufficient  length  has  been  obtained  and  suit- 
able stations  reached,  the  length  of  such 
additional  lines  being  computed  from  Migwlftr 
measurements,  as  follows: — In  fig.  34,  let 
A  B  be  the  measured  base,  and  B  E  a  line 
ranged  in  continuation  of  it  Choose  a 
lateral  station  C,  so  that  ABC  and  BCE 
shall  be  well-conditioned  triangles;  measure 
the  three  angles  of  each  of  these  triangles; 
fiiom  the  angles  A  C  B,  C  A  B,  and  the  base  TicTsi. 
A  B,  compute  the  side  B  C;  and  from  thai 
tide,  and  the  angles  C E B,  BCE,  compute  the  additional  length 
B  £.  Take  another  lateral  station  D,  at  the  opposite  side  of  the  base 
and  by  solving,  in  the  same  manner,  the  trumg^  A  B  D,  D  B  EL 
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compute  B  E  from  independent  data,  so  as  to  check  the  pierio^u 
detennination  of  its  length. 

E  H  represents  a  &irther  prolongation  of  the  base  line,  and  F  and 
G  the  lateral  stations  which  form  the  triangles  by  means  of  whi<^ 
its  length  is  computed.  At  each  of  those  stations  angles  are 
.measurod  between  all  the  previously  determined  points.  A,  £,  £^  in 
order  that  there  may  be  as  many  ways  of  verifying  the  calculations 
as  possible.  In  the  same  manner  the  base  may  be  prolonged  either 
way  as  far  as  may  be  deemod  necessary. 

Y.  EfUcaying  Triangles, — ^A  mode  of  connecting  a  comparatively 
short  base  with  the  sides  of  large  triangles,  without  prolonging  it, 
or  introducing  ill-conditioned  triangles,  is  as  follows : — ^In  fig.  35, 

let  A  B  represent  the  basa  Choose  two 
stations  C  and  D,  at  opposite  sides  of  the 
base,  and  as  far  fi'om  each  other  as  is  con- 
sistent with  making  A  0  B  and  A  D  B 
well-conditioned  triangles.  From  each  of 
those  four  points  measure  the  angles  sub- 
tended  by  ^e  other  three.  Then  calculate 
**-•  ^^'  the  sides  A  C,  C  B,  B  D,  D  A;  when  there 

-will  be  data  for  computing  the  length  of  C  D  in  a  variety  of  different 
ways,  which  will  check  each  other.  Taking  C  D  as  a  new  base, 
choose  a  pair  of  stations  E  and  F  still  fai'ther  asunder,  and  proceed 
as  before  to  determine  the  distance  E  F,  and  so  on  until  a  distance 
has  been  determined  sufficiently  long  to  serve  as  the  side  of  a  pair 
of  triangles  in  the  great  triangulation. 

41.  Great  TniTcrsing  Surrey. — The  general  nature  of  a  survey  of 
this  class,  as  usually  required  for  a  long  line  of  communication,  has 
been  explained  in  Article  12,  pp.  12, 13,  and  illustrated  by  figure  3, 
p.  12.  Some  further  explanation  will  now  be  given  on  the  follow- 
ing points : — 

I.  Checking  Distances  and  Angles. — The  lateral  objects,  such  as 
F,  G,  H,  &.C.,  in  ^g.  3,  are  generally  inaccessible  or  unavailable  as 
stations  for  the  theodolite ;  so  that  the  only  angles  measured  for 
the  main  triangulation  are  those  at  the  stations  A,  B,  0,  &c  If 
errors  were  impossible,  the  measurement  of  the  base  lines  A  B, 
B  C,  CD,  &C.,  and  of  the  angles  between  them,  ABC,  BCD,  &c., 
would  be  sufficient  to  determine  their  lengths  and  directiona  The 
use  of  the  lateral  objects  is  to  check  the  results  of  those  measure- 
ments, in  the  following  manner : — 

In  the  tiiangle  A  B  F,  the  side  A  B,  and  the  angles  at  A  and  B 
having  been  measured,  calculate  the  side  B  F.  In  the  triangle 
B  F  C,  the  side  B  F  having  been  calculated,  and  the  angles  at  B 
and  C  having  been  measured,  calculate  the  side  B  C;  the  result 
being  compared  with  the  length  of  the  same  line  as  measured  an 
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the  gtannd,  will  chtek  tlie  accuracy  of  the  work  so  far.  The  prooeoB 
of  oompaijaon  ia  preciselj  similar  for  eacli  successiye  main  station- 
line  of  the  Borvey. 

IL  Gap9  in  the  Main  StoHonrlinea,  sach  as  have  already  been 
referred  to  in  Article  27,  are  iq  most  cases  to  be  measured  by  the 
proceas  already  described  in  Article  40,  Division  lY,  p.  69,  and 
illustrated  by  fig.  34,  for  prolonging  a  base-line.  In  that  figure 
\.  B  may  be  held  to  represent  a  measured  portion  of  the  station- 
line,  and  B  £,  or  B  H,  the  gap  or  inaccessible  distance.  The  sides 
of  the  lateral  triangles  formed  in  order  to  determine  that  distance 
may  also  be  used  as  station-lines  for  the  details  of  the  survey. 

Tig,  36  shows  how  a  distance  C  D  between  two  objects  is  to  be 
measured,  when  both  ends  of  it  ai-e  inaccessible  to  chaining. 
Measore  a  base  A  B,  having  its  ends  so  situated 
that  the  six  lines  connecting  them  and  the 
objects  C  and  D  with  each  other  may  form  well- 
conditioned  triangles,  and  at  the  stations  A  and 
B  measure  the  angles  CAD,  DAB,  ABC, 
C  B  D.  In  the  triangle  CAB,  compute  the 
aides  A  C,  B  C;  in  the  triangle  DAB,  compute 
the  sides  AD,  BD.  Then,  in  the  triangle 
0  A  D,  in  which  the  sides  A  C  and  A  D,  and 
the  included  angle  at  A  are  given,  compute  the  third  side  C  D,  as 
shown  in  Article  33,  Division  lY.,  Problem  2,  equations  37,  38; 
also  compute  CD  by  the  same  process  as  the  third  side  of  the 
triangle  C  B  D  j  the  two  results  will  check  each  other. 

42.  yjHjitng  the  HcrMian. — For  the  purpose  of  laying  down  the 
direction  of  the  true  north  on  the  plan  of  an  engineering  survey, 
the  angle  which  one  of  the  principal  station-lines  makes  with  the 
meridian  must  be  determined,  though  not  with  the  same  accuracy 
that  is  required  for  astronomical  and  geographical  purposes.  The 
following  are  some  of  the  methods : — 

X  By  the  Two  greatest  Elongations  of  a  Cvrcwnvpola/r  Star. — ^This, 
the  most  accurate  method,  consists  in  observing  the  greatest  and 
least  horizontal  angles  made  by  a  star  near  the  pole  with  a  station- 
line  of  the  survey,  when  the  star  is  at  its  greatest  distances  east 
and  west  of  the  pole,  and  taking  the  mean  of  those  angles,  which 
is  the  true  azimuth  of  the  station-line,  or  horizontal  angle  which  it 
makes  with  the  meridian.  In  the  northern  hemisphere  the  Pole- 
star,  a  TJrae  Minoris,  is  the  best  for  this  purpose. 

ThoB  method,  however,  is  seldom  practicable  with  an  ordinary 
theodolite,  as  in  general,  one  of  the  observations  must  be  made  by 
dajiight 

IL  By  eqtud  aUUudee  of  a  Star. — The  theodolite  being  at  a 
station  in  the  station-line  chosen,  measure  the  horizontal  angle  from 


7i  ENGINEERIKG  OBODmT. 

tbe  fltatlon-lme  to  any  Btar  which  is  not  near  the  highest  or  lowest 
point  of  its  apparent  daily  course,  and  take  also  the  altitude  of  that 
star.  Leave  the  vertical  circle  clamped,  and  let  the  instrument 
remain  perfectly  undisturbed  until  the  star  is  approaching  the  same 
altitude  at  the  other  side  of  its  apparent  circular  course.  Then, 
without  moving  the  vertical  circle,  direct  the  telescope  towards  the 
star,  clamp  the  vernier-plate,  and  by  the  aid  of  its  tangent-screw, 
follow  the  star  in  azimuth  with  the  cross  wires  until  it  arrives 
exactly  at  its  former  altitude,  as  is  shown  by  its  image  coinciding 
with  the  cross  wires;  then  measure  the  horizontal  angle  between 
the  new  direction  of  the  star  and  the  station-line :  the  mean  between 
the  two  horizontal  angles  will  be  the  true  azimuth  of  the  station- 
line.* 

In  both  the  preceding  processes  it  is  to  be  understood  that  the 
mecm  of  two  horizontal  angles  means  their  half-sum  when  they  are 
at  the  same  side  of  the  station-line,  but  their  half-d^erenoe  when 
they  are  at  opposite  sides. 

The  second  method  may  be  applied  to  the  sun,  observing  the 
sun's  west  limb  in  the  forenoon  and  east  limb  in  the  afternoon,  or 
vice  versd ;  but  in  that  case  a  correction  is  required,  owing  to  the 
sun's  change  of  declination.     When  the  sun's  declination  is  chang- 

ing  towards  the  <        th  i  '  ^^^  approximate  direction  of  the  meri* 
dian,  as  found  by  the  method  just  described,  is  too  flEir  to  the 
I  ^l^ft   I  •     ^®  correction  required  is  given  by  the  formula^t 

change  of  sun's  declination  ^^         i  x.*j_  j   v^  1  i 
2 s X  sec  •  latitude  X  cosec  -^  angular 

motion  of  sun  between  the  observations (1.) 

IIL  By  One  greatest  Elongation  of  a  Circumpola/r  SUvr. — To  use 
this  method,  the  declination  of  the  star,  and  the  latitude  of  the 
place,  should  be  known.     Then 

sin  '  azimuth  of  star  at  greatest  elongation 

=  cos  'declination  -i-  cos  •  latitude;  (2.) 

and  this  azimuth,  being  added  to  or  subtracted  &om  the  horizontal 
angle  between  the  station-line  and  the  star,  when  at  its  greatest 
elongation  (according  as  the  station-line  lies  to  the  same  side  of 

*  In  observing  at  night  with  the  theodolite,  it  u  necessary  to  throw,  by  means  of  a 
lamp  and  a  small  mirror,  enough  of  light  into  the  tabe  to  make  the  cross-wires  viaiblew 

t  At  the  equinoxes,  the  rate  of  change  of  the  8un*s  declination  is  about  69"  per  houri 
and  it  varies  neariy  as  the  cosine  of  the  snn*s  right  ascensioiL 


tfie 


IV.  ^ 
AmgUhanmU 
lor 


Oe 


to  tfe 


^•^W, 


) 


cf  the 
of  the  ttxr,  mod  tbe  cifJatilade  of  the 


poor 


tke 


AMit^ 

B  (Plrie-St»>. 



CWL. 

ftei^ 

(AM 

B(Cl 

■  (Bt 

- 

A        * 

Odm 

■  ■  1  ■» 1 ■  ■  ■ 

s*»X 

Utw 

nm^ ..r..-...,T, 



tjvm  (T^ffk^,,^^ 


»•  2ur  -e- 

tt  3S  2S 

22  49  21 

3  »  28 

49  22  » 

IC  14      C 

4»  51  24 

7  22  43 
»  14  52 

»  M   7 

28  20  57 

12  37  22 

C2  23  44 

49  »9  17 

19  aS  12 

12  S9  S9 

3d  S9  3C 

8  M  al 
44  47  » 
14  28  4i^S 


+  19-2 
+  17-2 
+  14-4 
-r  U-2 
-r  7-8 
+  4-2 
-r  1-1 

—  7  - 

—  8-9 

—  8-8 

—  17-4 

—  19H 

—  lg-1 

—  18-9 

—  2-9 
+  31 
+  9-2 
-rl2^ 
+  19-8 


I 


74 


WSQJKEERXSG  GEONBBST 


•| 


t 


a  spherical  triangle ;  when  the  arimuth  of  the  fitar  will  he  th« 
angle  opposite  the  side  representing  the  polar  distanoa  (See  Aitiole 
33,  Diyision  Y.,  Frohlem  6,  p.  50.)  The  arimuth  of  the  station- 
line  is  then  to  be  found  as  in  Method  III. 

4j  V.  ApprosdmcUe  Method  by  ohaerving  certain 

\  Stars. — It  is  remarked  by  Mr.  Butler  Williams, 

i  that  a  great  circle  traversing  the  Pole-star  (« 

Ursse  Minoris),  and  the  star  Alioth  in  the  Great 

Bear  (f  Ursse  Majoiis),  passes  very  near  the  pole. 

^     ^*      Hence,  in  the  northern  hemisphere,  a  meridian- 

^       ^^  line  may  be  fixed  approximately  by  obserring, 

^         with  the  aid  of  a  plumb-line,  the  instant  when 

those  two  stars  appear  in  the  same  vertioal  plane^ 

as  shown  in  ^g.  37.     The  Pole-star  is  marked  A. 

Rg.  87.  When  two  points  on  the  earth's  sur&ce  have 

the  same  latitude,  but  different  longitudes,  the  horizontal  angle 

made  by  their  meridians  with  each  other  is  found  by  the  following 

equation ; 

sin  ^  horizontal  angle  =  sin  -^  difference  of  long.  X  sin  *  lat  (3.) 

43.  Plouiog  and  Pr«inicting.^The  most  accurate  method  of  lay- 
ing down  the  angles  of  great  triangles  on  paper  is  to  calculate  the 
lengths  of  the  sides  of  the  triangles,  and  plot  them  with  beam- 
compasses  like  chained  triangles  (Article  30,  p.  31). 

To  plot,  according  to  this  principle,  a  solitary  angle,  like  that 
between  a  station-lme  and  the  meridian,  a  circle  is  to  be  drawn, 
with  as  large  a  radius  as  is  practicable,  round  the  station  where  the 
angle  is  to  be  laid  down.  Then  the  distance  between  the  points 
where  the  two  lines  enclosing  the  angle  cut  that  circle  is  found  by 
multiplying  the  radius  by  the  chord  of  the  angle — that  is,  twice  the 
sine  of  half  the  angle. 

But  to  save  time  where  less  accuracy  is  required,  especially  in 
laying  down  Becondaty  trianglea  and  details,  angles  are  laid  down 
at  once,  or  "  protracted,"  by  the  aid  of  instruments  called  "  pro- 
tractors ;"  being  flat  graduated  circles  or  parts  of  circles,  which  are 
laid  on  the  paper.  They  are  of  various  constructions  and  various 
degrees  of  accuracy. 

The  most  accurate  Circular  Protractor  has  a  round  piece  of  plate- 
glass  in  its  centre,  through  which  the  paper  can  be  seen.  The 
under  side  of  the  glass  touches  the  paper,  and  has  the  centre  of  the 
graduated  circle  marked  on  it  by  a  fine  cross.  The  circle  is 
divided  to  half-degrees,  and  subdivided  to  minutes  by  the  vernier 
on  its  index.  The  index  has  two  diametrically  opposite  arms, 
each  of  which  has  hinged  on  its  end  a  branch  carrying  a  pricker, 
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which.  IB  held  up  dear  of  the  paper  by  a  spring.  When  the  index 
has  been  turned  to  any  required  degree  and  minute  on  the  circle^ 
the  two  branches  are  pressed  down,  and  their  prickers  mark  two 
pointB  on  the  paper  which  are  in  the  required  direction^  and  which 
are  or  ought  to  be  in  one  straight  line  traversing  the  centie  of  the 
circle.  It  is  often  convenient  to  draw,  by  the  aid  of  those  prickers^ 
a  graduated  circle  on  the  paper,  through  the  centre  of  which  lines 
making  any  required  angle  can  be  drawn,  and  their  directions  trans- 
ferred, 80  as  to  pass  through  any  required  station  on  the  x>aper,  by 
the  aid  of  a  lai^e  and  accurate  parallel  ruler. 

The  SemidTeuJUvr  Protractor  has  a  straight  side,  which  can  be 
did  along  a  straight-edge  fixed  to  the  table  or  drawing-board  into 
any  required  position.  Its  index  has  a  long  arm  projecting  beyond 
the  circley  with  a  straight  fiducial  edge,  which  is  used  to  rule  lines 
in  any  required  direction  through  any  station  on  the  plan. 

44.  TniTcrsiM^  •■  a  Small  Seaie  has  been  referred  to  in  Article 
12,  Division  (c),  p.  13,  as  a  means  of  surveying  long,  narrow, 
and  winding  objects  in  detaiL  The  most  accurate  way  of  perform- 
ing it  is  to  form  a  series  of  triangles  by  means  of  lateral  objects, 
as  already  described  in  that  article,  and  in  Article  41,  the  checking 
of  the  accuracy  of  the  work  being  tested  by  plotting,  without 
calculation.  £ku:h  lateral  object  is  traversed  by  at  least  three  lines 
from  different  stations  in  the  survey;  and  those  three  or  more  lines 
will  intersect  each  other  in  one  point  on  the  papei',  if  the  station- 
lines  between  the  statioDs  and  the  angles  at  the  stations  have  been 
correctly  measured  and  plotted. 

In  almost  all  mining  surveys,  and  in  some  above  ground,  it  is 
impossible  to  take  suitable  angles  to  lateral  objects,  the  only  angles 
capable  of  being  measured  being  those  which  the  station-lines  make 
with  each  other.  In  such  cases  the  station-lines  should  be  laid  out 
80  as  to  return  to  the  starting-point,  and  form  a  *'  closed  polygon." 
The  accuracy  of  measurement  of  the  angles  may  then  be  tested  by 
taking  the  sum  of  all  the  ''  salient "  angles  of  that  polygon — ^that 
is,  of  those  which  project  outwards — and  subtracting  from  it  the 
•tan  of  the  "  re-entering  angles" — ^that  is,  of  those  which  project 
mwarda.  The  result  (which  is  the  algdyraical  sum  of  the  angles  of 
the  polygon)  ought  to  be 

180"  X  /number  of  salient  angles  —  2 

—  number  of  re-entering  angles >  ,  ...  (1.) 

^  Before  plotting  such  a  survey,  the  angle  made  by  each  station- 
hae  idth  one  fixed  direction  ought  to  be  computed  (by  successive 
'^ditions  or  subtractions  of  the  angles  which  those  lines  make 
"With  each  other)  and  protracted  on  <£e  paper  by  drawing  a  line  to 
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repreBent  that  fixed  direction,  placing  the  zero-points  of  the  pro- 
tractor on  that  line,  and  laying  off  the  directions  of  the  sevenl 
station-lines  as  described  in  Article  43.  The  accuracy  of  the  meat' 
nrement  of  distances,  and  of  the  plotting  of  distances  and  angles,  ia 
tested  by  the  exactness  with  which  the  end  of  the  last  station-line 
on  the  paper  coincides  with  the  starting-point  of  the  first. 

In  surveying  by  traversing  with  the  compass  andchainy  the  angles 
observed  at  each  station  are  the  directions  which  the  station-lmei 
that  meet  at  it  make  with  a  fixed  or  nearly  fixed  direction,  viz., 
that  of  the  magnetic  meridian.  The  zero-line  on  the  paper,  there- 
fore, represents  that  meridian ;  and  the  angles  protracted  from  it 
are  simply  the  several  magnetic  bearings  of  the  station-lines.  Tia- 
versing  with  the  compass  and  chain  is  accordingly  an  easy  and 
rapid  method  of  surveying;  but  as  explained  in  Article  39,  p.  67, 
its  want  of  accuracy  makes  it  suitable  only  for  small  or  rougb 
surveys. 

45.  JPleaiBg  hj  BecttiHgalar  C«-»vdiaatc%  or  by  N«rtlitaca»  8*vth- 

tags,  Ka«iiags»  and  WoMtags,  is  the  most  accurate  way  of  plotting  a 
traverse,  because  the  position  of  each  station  is  plotted  inde- 
pendently, and  not  affected  by  the  errors  committed  in  plotting 

previous  stations.  It  consists  in  assuming  two 
fixed  lines  or  (txes,  as  O  X  and  O  Y,  fig.  38, 
crossing  each  other  at  right  angles  at  a  fixed 
point  O,  computing  the  perpendicular  distances 
or  eo-^)rdineUes  of  each  station  from  those  two 
axes,  and  plotting  the  position  of  each  station 
by  the  aid  of  a  straight-edged  scale  fixed  par- 
Fi&  88.  allel  to  one  of  the  axes,  and  a  T-square  sliding 

along  it,  so  as  to  rule  lines  parallel  to  the  other  axis,  and  at  any 
given  distance  from  it,  and  of  any  given  length.  When  the  direc- 
tion of  the  true  meridian  has  been  ascertained,  it  is  best  to  make 
one  of  the  axes  represent  it;  and  in  that  case  the  co-ordinates  par- 
allel to  one  axis  will  be  the  distances  of  the  stations  to  the  north  or 
south  of  the  fixed  point  or  '^  origin'^  O,  and  those  parallel  to  the 
other  axis  will  be  their  distances  to  the  east  or  west  of  the  same 
point;  whence  the  phrase,  "Northings,  Southings,  Eastings,  and 
Westings."  If  the  true  meridian  is  unknown,  any  fixed  direction 
will  answer  the  purpose,  and  maybe  called  "  the  Meridian  **  for  the 
occasion,  and  one  of  its  ends  "  the  Korth."  The  calculations  to  be 
performed  are  the  following : — In  the  figure,  let  O  Y  represent  "the 
Meridian,"  Y  being  towards  "the  NortL"  One  of  the  stations  in 
the  survey  is  to  be  taken  as  the  origin  O.  Let  A  be  the  next 
station,  and  O  A  its  distance  from  O.  If  Y  O  A,  as  in  the  figure, 
is  an  acute  angle,  A  is  to  the  northward  of  O ;  if  an  obtuse  angle, 
to  the  southward ;  if  Y  O  A,  as  in  the  figure,  lies  to  the  right  of 
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tbe  meridiaiiy  A  is  to  the  eastward  of  O;  if  to  the  left,  to  the  west- 
waxd;  and  the  oo-oidinates  of  A  are  as  follows  {0  denoting  the 
angle  Y  O  A):— 

Korthing  O  a^  =  a  A  (or  if  negative,  Southing).  =  OA*co8^;)/,  v 
Easting,  O  a  =  a'  A  (or  if  negative,  Westing)...  =  O  A  •  sin  A  j  ^  *'' 

In  the  same  manner  are  to  be  computed  the  co-ordinates  of  the 
third  station  B  rdcUivdy  to  A ;  viz. : 

o'6'  =  AB-cos^j  o6  =  AB-sin^;  (2.) 

(where  ^  denotes  the  angle  made  by  A  B  with  the  meridian);  also 
the  co-ordinates  of  C  rdativdy  to  B,  and  so  for  each  successive 
station.  In  the  figure,  it  will  be  observed  that  the  direction  of 
B  G  deviates  to  the  westward  of  north,  so  that  6  c  is  a  "  Westing," 
and  is  to  be  considered  as  n^^tive.  The  results  of  these  calcida- 
tions  are  to  be  entered  in  a  book,  in  four  columns — for  northings, 
southings,  eastings,  and  westings  respectively.  Then  in  four  other 
columns  are  to  be  entered  the  total  northing  or  southing,  and  east- 
ing or  westing,  of  each  station  from  the  origin  or  first  station,  com- 
puted by  adding  all  the  successive  northings  and  subtracting  the 
southings,  made  in  traversing  to  the  station,  the  result  being  a 
northing  if  positive,  a  southing  if  negative;  and  by  treating  the 
eastings  and  westings  in  the  same  manner. 
These  calculations  are  expressed  by  symbols  as  follows: — Let 

=±=jf  denote  the  total  'j  _  th'      \  ^^  ^  station,  and  z±z  x  its  total 

<  ftati  f  >  "^  *^®  length  of  any  given  station-line,  and  6  the 
angle  which  it  makes  with  the  meridian  from  the  north;  observing 
that  both  B  and  sin  $  are  "I         x<      >  according  as  that  angle  lies 

{east  1 
^  >  of  the  meridian,  and  that  cosines  of  obtuse  angles 

arenegativa     Then 

y^S-Lcostf;)   ^3^ 

This  method  is  chiefly  useful  in  surveying  mines,  but  may  also 
be  a]^lied  with  advantage  to  some  surveys  above  ground,  buch  as 
ihoee  of  towns.  The  book  forms  a  record  of  the  position  of  each 
station,  independently  of  the  plan ;  and  it  may  be  made  more  com- 
plete by  the  addition  of  a  column  containing  the  elevations  of  the 
stations  above  a  datum  horizontal  surface.  This  will  be  further 
coDsdered  under  the  head  of  levelling. 

4$.  The  Pfauie-T«Me  is  a  drawing-board,  having  a  sheet  of  paper 
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gtrained  on  it,  mounted  on  a  portable  three-legged  stand,  and  capable 
of  taming  about  a  vertical  axis,  and  of  being  adjusted  by  screws 
(like  the  azimuth  circle  of  a  theodolite)  to  a  hori2X>ntal  positioii,  ss 
shown  bj  a  spirit-level  laid  on  its  surfieu^. 

The  vertical  axis  has  a  clamp  and  a  tangenlrscrev  to  adjust  the 
table  to  any  required  position. 

The  index  is  a  flat  straight-edged  ruler,  having  uprigbt  sights 
at  its  ends. 

The  use  of  the  plane-table  resembles  trigonometrical  surveying 
on  a  small  scale,  except  that  the  angles,  instead  of  being  read  off 
on  a  horizontal  circle  and  afterwards  plotted,  are  at  onoe  laid  down 
on  paper  in  the  field* 

Fig.  39  illustrates  the  principle  of  surveying  with  the  plane-tabl& 
The  first  operation  is  to  measure  carefully  a  base  on  the  ground, 
A  B,  and  to  lay  down  on  the  paper  a  straight  line  a  6,  to  represent 
that  base  on  a  suitable  scale.     The  instrument  is  then  to  be  placed 

and  levelled  at  the  station  A,  the 

9^  point  a  on  the  paper  being  directly 

/  *'^^  above  the  point  A  on  the  ground; 

y  \  a  needle  is  to  be  fixed  upright  at  a; 

/  '\^  and  the  index  being  laid  on  the 

table,  so  that  its  fiducial  edge  shall 
lie  exactly  along  the  line  a  b,  the 
table  is  to  be  turned  until  the  sights 
of  the  index  are  in  a  line  with  the 
^^^        ,^^'^'  farther    station    B,    and    adjusted 


N 


exactly  to    that  position    by  the 
"p.    gg  tangent-screw.     The  table  remain- 

ing steady,  the  index  is  to  be  turned 
BO  that  while  its  fiducial  edge  still  touches  the  needle  at  a,  its  line 
of  sight  shall  be  sucoessivdy  directed  towards  all  the  important 
objects  whose  positions  relatively  to  the  base  A  B  are  to  be  found, 
such  as  C  and  D;  and  with  a  fine  hard  pencil  lines  are  to  be 
drawn  along  the  edge  of  the  index  pointing  towards  those  objects 
from  a.  The  table  is  now  to  be  shifted  from  A  to  B,  and  the 
needle  from  atob,  the  point  b  on  the  paper  being  placed  exactly 
over  B  on  the  ground;  the  index  being  laid  along  6  a,  the  table  is 
to  be  adjusted  till  the  sights  are  in  a  line  with  A.  The  index  is 
then  to  be  turned  so  that  while  its  fiducial  edge  still  touches  the 
needle  at  6,  its  line  of  sight  shall  be  successively  directed  towards 
the  same  objects  as  before,  and  short  lines  pointing  from  b  towards 
those  objects  are  to  be  drawn  along  its  edge,  intersecting  the  lines 

*  To  protect  the  paper  tgainst  the  eflbcts  of  tlie  altenute  mobtiire  and  drjntm  of 
the  air,  Captaiii  ffibom  noommeods  that  its  lower  side  ahoald  hare  ipnad  «(f«r  it 
ll»  beet^iip  wUto  of  an  agg  before  it  is  laid  on  the  boanL 
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preyiooaly  drawn;  the  points  of  intersection,  such  as  e  and  d,  mark 
the  objects  on  the  paper.     The  details  are  filled  in  bj  sketching. 

The  objects  thus  laid  down  include  poles  at  points  suited  for 
additional  stations.  On  removing  the  table  to  one  of  those  new 
gtaticHis,  such  as  C^  the  needle  is  to  be  fixed  at  the  point  e  represent- 
ing that  station  on  the  paper,  and  the  index  is  to  be  placed  with 
its  edge  touching  that  needle,  and  traversing  also  a  point  represeut- 
ing  one  of  the  former  stations,  such  as  a.  The  table  is  then  to  be 
tunied  so  that  the  sights  shall  be  directed  towards  a  pole  fixed  at 
that  former  station;  and  then  all  the  lines  on  the  paper  will  be 
parallel  to  the  corresponding  lines  on  the  ground;  and  the  survey 
of  additional  objects  from  the  new  station  may  be  proceeded  with 
as  before. 

The  plane-table  is  well  suited  for  surveying  where  minute 
aocuracy  in  details  is  not  required,  the  end  in  view  being  to  show 
the  relative  positions  of  the  more  important  objects  on  the  groimd. 
It  is  therefore  more  useful  for  topographical  and  military  purposes 
than  for  those  of  engineering.  For  full  information  as  to  its  use 
Sibam  On  Topographical  Svfrveymg  and  Dramng. 
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CHAPTER  lY. 
Of  leyelliko. 

47.  Seitiag-«Bi  •  liine  •f  Section. — Preparatory  to  taking  the 
levels  of  the  ground  along  the  line  of  a  proposed  vertical  section, 
that  line  is  to  be  "ranged,"  by  marking  on  the  ground  with  whites, 
]>oles,  and  permanent  marks  where  required,  the  points  where  the 
line  of  section  crosses  all  streams,  lines  of  communication,  bound- 
aries, <&c.,  and  a  sufficient  number  of  other  points  to  enable  it  to  be 
exactly  followed.  For  that  purpose,  a  tracing  is  to  be  made  of  ao 
much  as  may  be  necessary  of  the  plan  on  which  the  intended  line 
of  section  is  drawn,  and  the  distances  of  that  line  from  comers  ot 
fences  and  other  definite  objects  are  to  be  carefully  measured  on  the 
onginal  plan,  and  marked  in  figures  on  the  tracing.  An  assistant 
goes  over  the  ground  with  this  tracing,  and  marks  the  points  in 
accordance  with  it.  Should  the  leveller  see  fit  to  alter  the  line  in 
any  respect  as  he  goes  along  it,  or  should  it  be  left  entirely  to  his 
own  judgment  to  choose  it,  as  is  often  the  case  with  trial  sections, 
the  distances  of  a  sufficient  number  of  points  in  it  from  objects  on 
tlie  ground  can  be  measured  on  the  spot  and  noted  on  the  tracing, 
so  as  to  enable  the  line  of  section  chosen  to  be  laid  down  on  the 
plan. 

48.  The  Splrit^lierd  strictly  speaking  is  a  glass  tube  B  C,  fig.  40, 
hermeticaUy  sealed  at  both  ends,  containing  some  very  limpid 

A liquid,  such  as  alcohol,  chloroform,  or  sul- 

phuret  of  carbon,  and  a  bubble  of  air  A, 
and  having  a  slight  curvature,  convex 
Fig  40.  upwards.    That  curvature  is  much  exag- 

gerated in  ^g.  40,  being  in  reality  so  slight  as  to  be  imperceptible,  or 
nearly  so,  to  the  eye.     The  air-bubble  places  itself  at  the  highest 
point  in  the  tube;  and  a  tangent  to  the  upper  internal  surface  of 
the  tube  at  that  point  is  horizontal     The  glass  tube  is  usually  fixed, 
in  and  protected  by  a  brass  case.     When  the  instrument  to  which. 
the  spirit-level  belongs  is  in  adjustment,  the  centre  of  the  bubble  is 
in  the  middle  of  the  tube.     When  the  bubble  deviates  from  that 
position,  it  indicates  that  a  tangent  to  the  middle  of  the  tube  devi* 
atcs  from  a  horizontal  position  through  an  angle  whose  value 
seconds  ia— 
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deviation  of  bubble 
radius  of  curvature  of  tube ' 


(1.) 


80  thai  the  longer  that  radius,  the  more  delicate  is  the  spirit-leveL 
A  GCftle  of  equal  parts  is  marked  on  or  attached  to  the  top  of  the 
tube,  to  measure  the  deviation  of  the  bubble ;  and  the  value  of  those 
parts  in  seconds  can  be  found  by  trial 

Fig.  41  shows  a  form  of  spirit-level  introduced  by  Professor  Piazzi 
Smyth,  in  which  the  air-bubble  A  is  very  smalL  Another  and  a 
hrgjET  portion  of  air  is  contained  in  the 
upper  part  of  the  end  C  of  the  tube, 
vhich  is  separated  from  the  rest  by 
the  partition  D,  with  a  nozzle-shaped 
orifioe  in  its  centre,  through  which  air 


Fig.  41. 


am  be  transferred  so  as  to  enlarge  or  diminish  the  bubble  at  will, 
by  a  mode  of  handling  described  in  the  Trcmsactions  of  the  Royal 
ScoUith  SodOy  of  Arts  for  1856. 

The  term  spirit-levd  or  levdy  is  also  applied  to  a  levdling  imstniir 
SMR<,  of  which  the  spirit-level  proper  is  the  essential  part.  Yarious 
fonns  of  level  are  used  for  engineer- 
ing purposes;  that  which  is  repre- 
■ented  in  fig.  42  is  Mr.  Gravatt's, 
ttlled  the  «  Dumpy  Level."  A  is 
the  spirit-level,  attached  by  screws 
It  o^  a  to  the  telescope  BO;  by 
nieaDs  of  those  screws  it  can  be 
adjusted,  in  order  to  place  a  tangent 
to  its  middle  point  parallel  to  the 
Ibe  cf  ooUimation  of  the  telescope. 
A  small  circle  near  the  object-end 
B  of  the  telescope,  indicates  a  small 
inmsverae  level,  used  to  show 
yhether  the  horizontal  cross-wire 
IB  truly  horizontal 

The  telescope  is  similar  to  that  of  a 

theodolite  (see  Article  34,  p.  53),  ex- 

^  that  the  diaphragm  at  the  common  focus  of  the  object-glass  and 

^e-pieoe  contains  one  horizontal  and  two  parallel  vertical  cross-wires, 

•s  mown  in  fig.  43.  B  is  the  object-end  of  the  telescope,  C 

^  eye-piece ;  h  the  miUed  head  of  the  pinion  by  which 

Ik  inner  tube  is  drawn  in  and  out;  c,  c  screws  for 

^|vdng  the  diaphragm  so  as  to  bring  the  horizontal 

joiB-wire  exactly  to  the  line  of  collimation  or  axis  of 

ftt  telescope.     D  D  is  an  oblong  plate  or  fiat  bar  fixed 

^  ihe  top  of  the  vertical  axis  E;  to  this  plate  the  telescope  is 

a 


Fig.  42. 


Fig.  48. 
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connected  by  adjusting  screws  at  d^  d,  by  means  of  which  the  line 
of  collimation  is  placed  perpendicular  to  the  vertical  axis.  The 
vertical  axis  is  hollow,  and  turns  upon  a  spindle  fixed  to  the  upper 
parallel  plate  E;  that  spindle  is  continued  downwards  and  attached 
to  the  lower  parallel  plate  G  by  a  ball-and-socket  jointw  fjfyf^x^ 
three  of  the  four  plate-screws  by  which  the  vertical  axis  is  set  truly 
vertical.  The  lower  plate  G  is  screwed  on  the  staff-head  H,  whiti 
has  three  wooden  legs  like  those  of  a  theodolite. 

In  most  levels  a  compass  is  carried  on  the  top  of  the  plate  D  D, 
for  the  purpose  of  taking  the  magnetic  bearings  of  lines  of  trial 
sections. 

The  following  are  some  of  the  principal  variations  from  the  con* 
struction  above  described : — 

In  Troughton's  level,  the  brass  case  of  the  spirit-level  is  imbedded 
in  the  top  of  the  outer  telescope-tube,  and  has  no  adjusting  screws* 
the  adjustment  of  the  spirit-level  to  parallelism  with  the  axi»  of  the 
telescope  being  left  to  the  instrument  maker. 

In  the  Y-level,  the  telescope  is  carried  by  two  forked  supports 
called  ys.  It  can  be  rotated  in  these  about  its  own  axis,  and  can 
be  lifted  out  and  turned  end  for  end.  The  spirit-level  hangs  below 
the  telescope,  instead  of  being  supported  above  it.  One  of  the  Y's  is 
supported  by  a  vertical  screw  with  a  milled  head,  by  means  of  which 
the  telescope  is  adjusted  so  as  to  be  at  right  angles  to  the  vertical 
axis,  and  which  answers  the  purpose  of  the  screws  at  d,  d,  in  the 
Dumpy  leveL 

Instead  of  the  four  plate-screws  and  ball-joint,  many  levels  have 
three  foot-screws,  as  in  fig.  30,  p.  58. 

Some  levels  are  provided  with  a  small  mirror,  which  being  placed 
in  a  sloping  position  above  the  spirit-level,  enables  the  observer  to 
see  the  reflected  image  of  the  bubble  at  the  same  time  that  he  looks 
through  the  telescope.  Beference  has  already  been  made  to  the 
contrivance  of  Professor  Piazzi  Sm3rth,  by  which  an  image  of  a  small 
bubble  is  formed  at  the  cross-wires  when  the  line  of  collimation  is 
horizontal  (Article  37,  p.  65 ;  see  also  a  paper  by  Mr.  Bow,  in  the 
Tranaactiona  of  the  Royal  Scottish  Society  of  Arts  for  1858-9.) 

49.  The  liereiiing-fltaflr  is  a  rectangular  wooden  rod,  having  a  fiios 
about  two  inches  or  two  inches  and  a-half  broad,  on  which  is  painted 
in  a  bold  conspicuous  manner,  a  scale  of  feet,  divided  into  tenths. 
and  hundredths,  commencing  at  the  lower  end  of  the  staSl      Its 
extreme  length  is  usually  from  fifteen  to  seventeen  feet^  and  it  is  made 
in  three  pieces,  which  in  some  staves  can  be  put  together  or  •t'-^Vfln 
asunder,  according  as  a  greater  or  less  length  of  staff  is  reqnired^ 
and  in  others,  are  made  to  draw  out  like  telescope  tubes.      This 
staff,  when  in  use,  is  held  exactly  vertical;  for  which  purpose  it 
•onietimeB.has  a  plummet  enclosed  in  a  groove  at  one  side  of  it^  ascd 
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visible  through  a  small  piece  of  glass;  it  rests  on  its  lower  end^* 
which  IB  shod  with  brass;  and  in  soft  ground  it  is  useful  to  have  a 
small  metal  plate  to  place  on  the  ground  below  the  staff,  and 
prevent  it  from  sinking.* 

When  the  telescope  of  the  level  is  directed  towards  the  staff,  and 
the  line  of  collimation  is  truly  horizontal,  the  number  of  feet  and 
decimals  of  a  foot  at  which  the  horizontal  cross-wii'e  crosses  the 
inverted  image  of  the  scale  on  the  face  of  the  staff  (subject  to  coi> 
rections  to  be  afterwards  explained),  shows  the  vertical  depth  of  tbe 
point  on  which  the  lower  end  of  the  staff  stands  below  the  line  of 
collimation.  If  two  such  observations  are  made  with  the  staff  at 
different  points,  and  the  level  at  the  same  station,  the  difference 
between  the  two  readings  shows,  in  feet  and  decimals  of  a  foot,  how 
mnch  the  point  at  which  the  less  reading  is  taken  is  higher  than  the 
point  where  the  greater  reading  is  taken. 

In  an  old  form  of  levelling-staff,  now  seldom  used,  a  "  sliding- 
vane"  was  slid  up  and  down  by  the  staffinan,  in  accordance  with 
signals  made  by  the  leveller,  until  its  centre  was  in  the  line  of 
oollimation  prolonged;  the  staffman  then  read  the  height  of  the 
vane  above  the  ground.  The  making  the  divisions  on  the  staff  so 
distinct  that  the  leveller  can  read  them  himself  is  an  invention  of 
Mr.  Gravatt. 

50.  The  Adjafltmeats  •f  the  l^erel  may  be  distingmshed,  like 
those  of  the  theodolite,  into  temporcMry  adjustments,  which  have  to 
be  made  anew  every  time  the  level  is  set  up,  and  permanent  adjust- 
merUs,  which  seldom  become  deranged  in  a  well-made  level,  but 
still  ought  to  be  tested  on  each  day  that  the  instrument  is  used. 

L  The  Tebcporabt  Adjustments  are  as  follows : — 

(1.)  To  make  the  foci  of  the  object-glass  and  eye-piece  coincide  loith 
the  cross-wires, — The  same  as  in  the  theodolite  (see  p.  59). 

(2.)  To  pktce  the  vertical  aods  truly  vertical, — The  same  as  in  the 
tiieodolite  (see  p.  5%).  In  order  to  avoid  straining  the  plate-screws, 
this  adjustment  ought  first  to  be  made  as  nearly  as  possible  by 
shifting  one  of  the  1^  of  the  stand,  and  then  corrected  by  the 
I^ate-ecrewa 

XL  The  Febmaitent  Adjustments  are  as  follows : — 

(1.)  To  place  the  cros9-%oires  in  the  axis  of  Ihe  telescope-tube. — In  the 
T4evd,  the  same  as  in  the  Y-theodolite  (see  p.  60).  In  Troughton's 
level  this  adjustment  is  not  made^  except  indirectly,  as  will  be 
ilterwaids  explained. 

IiL  the  I>anipy  Level,  this  adjustment  may  be  made  in  the 


la  ««iar  to  enrars  ftccnrtte  mdhigr  ^  the  staff;  its  points  of  divtskm  sfaoiiU 
bs ai  tlw  umttn  of  &  black  or  ^Ute  mark,  and  niver  at  t^howutkuy  befcwoaa 


HKk  and  wbiia;  lor  tbe  appaicat  poeitioa  of  soch  a  boondaij  alirafadanaUafima 
Ibaital  poittioain  a  directioo  towarda  black. 
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flame  manner  as  in  the  Y-level,  by  the  maker  of  the  instrument, 
before  soldering  the  telescope-tube  to  the  two  blocks  which  support 
it  upon  the  bar  D  D  (fig.  42,  p.  81);  and,  in  that  case,  the 
adjasting-screws  co  of  the  diaphragm  should  never  afterwards  be 
disturbed. 

The  same  adjustment  might  be  made  by  the  observer,  if  there 
were  any  means  of  turning  the  inner  telescope-tube  about  its 
longitudinal  axis.  But  the  provision  of  such  means  would  un- 
necessarily complicate  the  instrument ;  for  it  has  been  shown  (by 
Professor  Blood,  of  Queen's  College,  Galway)  that  the  exact  coin- 
cidence of  the  cross-wires  with  the  axis  of  the  telescope-tube  is  not 
absolutely  essential  to  accurate  levelling. 

This  IS  demonstrated  as  follows : — 


Fig.  43  A. 

In  fig.  43  A,  let  A  A  represent  the  object-glass  of  a  telescope, 
B  C  the  axis  of  the  telescope-tubes,  and  D  D  the  diaphragm. 

Suppose  that  the  horizontal  cross-wire  E,  instead  of  traversing 
the  axis  B  C  of  the  tubes,  is  situated  at  a  certain  distance  from 
that  axis.  Then,  when  the  inner  tube  is  drawn  in  and  out^  the 
cross-wire  E  will  move  along  the  straight  line  E  F  parallel  to  the 
axis  C  B. 

Let  H  be  the  outer  principal  /octis  of  the  object-glass,  situated 
in  the  axis  C  B.  Then  it  is  known  that,  by  the  laws  of  dio))trics, 
all  rays  of  light  whose  paths  within  the  telescope  are  parallel  to 
B  C,  pass  through  the  focus  H,  outside  the  telescope ;  so  that,  for 
example,  a  ray  of  light  whose  path  within  the  telescope  is  F  E,  has 
for  its  path  outside  the  telescope  the  straight  line  H  G;  and  hence 
it  follows  that  all  possible  positions  of  the  cross- wire  E,  as  the  inner 
tube  slides  in  and  out,  coincide  with  the  images  of  points  situated 
in  one  straight  line  G  H.  Consequently  that  line  (or  its  prolongation 
within  the  telescope,  G  K)  may  be  regarded  as  the  tribe  line  of 
coUimation;  and  if  the  spirit-level  is  adjusted  so  as  to  be  parallel 
to  that  line,  correct  results  will  be  obtained  in  levelling,  although 
the  ci'oss-wire  may  not  traverse  the  axis  of  the  telescope. 
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(2.)  To  make  the  line  ofcoUimcUum  and  the  spirU-level  paralld  to 
tadi  other, — In  the  Y-level,  bring  the  babble  to  the  middle  of  the 
^urit-lerel  bj  means  of  the  plate-screws;  lift  the  telescope  out  of 
the  y^  and  set  it  down  with  the  ends  reversed.  If  the  babble 
remains  in  the  middle  of  the  spirit-level^  the  adjastment  is  correct; 
if  it  deviates^  correct  one-half  of  the  deviation  by  the  plate-screws, 
and  the  remainder  by  the  adjusting  screws  which  connect  the 
spirit-level  with  the  telescope. 

In  Troaghton's  level,  make  two  bench  marks  about  ten  chains 
apart;  set  up  the  level  exactly  midway  between  them,  and  read 
stayes  set  upon  them,  so  as  to  find,  by  the  difference  of  those 
readings,  the  true  difference  of  level  of  the  bench  marks.  Now 
set  up  Uie  level  beyond  one  of  the  bench  marks  and  read  both 
staves;  if  the  difference  of  the  readings  deviates  from  the  true 
difference  of  level,  alter  the  position  of  the  diaphragm,  by  means 
of  its  adjusting  screws,  until  the  readings  of  the  staves  give  the 
true  difference  of  level  The  cross-wires  are  thus  placed  in  a  line 
passing  through  the  centre  of  the  object-glass  parallel  to  the  spirit- 
level;  and  the  maker  is  relied  on  to  make  that  line  the  true  axis 
of  the  telescope.  The  same  adjustment  may  be  made  by  the  aid  of 
a  sheet  of  water  on  a  calm  day;  because  two  stakes  can  be  driven 
at  its  margin  so  that  their  heads^  being  flush  with  the  water,  shall 
be  exactly  at  the  same  leveL 

In  the  Dumpy  level,  having  ascertained  the  true  difference  of 
level  of  two  bench  marks,  as  already  described,  and  shifted  the  level 
to  a  position  beyond  one  of  them,  alter,  if  necessary,  the  inclination 
of  the  telescope  by  means  of  the  plaU-screws,  until  the  readings  of 
the  staves  give  the  true  difference  of  level,  and  bring  the  bubble 
to  the  middle  of  the  spirit-level  by  means  of  the  adjusting  screws 
which  connect  the  spirit-level  with  the  telescope  (a,  a,  in  ^.  42). 

(3.)  To  place  t/ie  tdescope  and  8pirU4evel  perpendicular  to  the 
tertieal  axis  (or,  as  it  is  called,  to  make  the  instrument  ''traverse") 
]dace  the  telescope  over  a  pair  of  plate-screws,  and  by  turning 
them,  bring  the  bubble  to  the  centre  of  the  spirit-level;  reverse 
the  direction  of  the  telescope  exactly,  by  turning  it  through  180® 
about  the  vertical  axis;  if  the  bubble  is  still  in  the  middle  of  the 
spirit-level,  the  adjustment  is  correct:  if  not,  correct  half  the 
deviation  by  the  plate-screws,  and  the  other  half  by  means  of  the 
screws  which  connect  the  telescope  with  the  bar  on  the  top  of  the 
vertical  axis  (d,  d,  fig.  42). 

51.  The  Vmm  of  iIm  i^ercl  in  finding  the  difference  of  elevation 
between  two  points  has  been  described  in  the  two  preceding 


The  observations,  or  readings 
kvd,  are  called  ''  sights." 
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When  two  sights  only  are  taken  from  one  station,  one  with  the 
•staff  upon  a  point  whose  level  has  been  ascertained,  and  the  other 
ywith  the  staff  upon  a  point  whose  level  is  to  be  ascertained,  the 
ifonner  is  called  the  back-sight,  and  the  latter,  the  fore-nghi. 

If  the  back-sight  is  the  greater,  the  ground  rises,  and  if  the 
fore-sight  is  the  greater,  it  falls,  from  the  former  point  to  the 
latter. 

When  the  levels  of  a  series  of  points  are  taken  with  the  level  a;t 
one  station,  in  order  to  make  a  continuous  section,  the  first  and  the 
last  observations  are  the  principal  back  and  fore-sights  respectively; 
the  first  back-sight  being  taken  with  the  staff  on  a  bench  mark 
or  other  point,  whose  level  has  been  ascertained  by  means  of  a 
sight  from  a  former  station;  and  the  last  fore-sight  being  taken 
with  the  staff  upon  a  mark  which  is  to  be  the  object  of  the  first 
back-sight  when  the  level  is  shifted  to  a  new  station.  Of  the 
intermediate  sights,  taken  with  the  staff  upon  places  where  the 
inclination  of  the  ground  changes,  on  roads,  at  the  bottoms  of 
streams,  &c,  each  is  a  fore-sight  relatively  to  the  preceding  sight, 
and  a  back-sight  relatively  to  the  following  one. 

For  example,  in  fig.  44,  A  is  a  station  where  the  level  is  set  np^ 
and  the  horizontal  line  6  A  c  is  the  line  of  sigJu,  or  straight  line 
in  prolongation  of  the  line  of  coUimation.  The  first  hack-dght  is 
taken  with  the  staff  on  B,  a  point  whose  height  above  the  datum- 
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•mfense  has  been  ascertained  by  previous  observations;  and  it  gives^ 
as  the  reading  on  the  staff,  B  6.  The  Icut  fore^aigkt  is  taken  witi& 
the  staff  on  O,  a  point  well  suited  as  a  position  for  the  staff  when, 
the  first  back-sighi  with  the  level  at  the  next  station  D  is  taken. 
It  gives,  as  the  reading  of  the  staff,  0  c  The  fiirst  intermediate 
light,  at  the  point  marked  1,  is  a  fore-sight  relatively  to  that  at  B, 
and  a  back-sight  relatively  to  that  at  the  point  2,  and  so  on. 

The  first  back-sight  and  last  fore-sight  are  the  most  important  in. 
point  of  accuracy;  for  any  error  committed  in  them  is  carried  on 
timragh  the  whole  of  the  remainder  of  the  section;  whereas  any 
error  committed  in  taking  an  intermediate  sight  affects  that  sigkfc 
onlv. 

The  first  back-sight  and  last  fore-sight  taken  from  each  statioii 
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ooght  to  be  at  points  as  nearly  as  possible  at  equal  distances  from 
the  level,  in  ordor  to  neutralize  the  effects  of  eirois  of  adjnstmenty 
Bod  also  those  of  the  curvature  of  the  earth  and  of  refraction, 
vhich  will  be  explained  in  the  next  article;  and  those  points 
liboald  be  on  firm  ground,  and,  if  possible,  so  placed  that  the  read- 
ings shall  not  exceed  ten  or  eleyen  feet. 

When  the  leveller  thinks  it  desirable  to  carry  his  level  on  to  a 
new  station,  such  as  D,  the  stafiman  holds  his  staff  steadily  at  C, 
only  making  it  face  about;  the  leveller  advances  to  D,  sets  up  and 
idjusts  his  level,  takes  the  first  back-sight  0  <f,  and  proceeds  as 
b^ore.  E  e  represents  the  position  of  the  staff  when  the  last  fore- 
light  is  taken  from  D;  the  staff  is  held  there  until  the  leveller  has 
moved  on  and  planted  his  level  at  a  third  station,  and  so  on. 
These  operations  can  be  performed  with  one  staff;  but  much  time 
is  saved  by  using  two,  carried  by  two  staff-holders. 

While  the  levels  are  thus  being  taken,  two  chainmen  measure 
the  line  of  section  with  the  chain,  in  the  manner  described  in 
Article  22,  pp.  19,  20;  except  that  instead  of  always  chaining  in 
stni^^t  lines,  they  follow  the  line  of  section  as  set  out.  The 
leveller  notes  the  distances  of  all  the  points  at  which  the  staff  is 
set  up,  as  well  as  those  where  boundaries  are  crossed,  whether 
levels  are  taken  there  or  not :  in  this  he  may  get  useful  help  from 
the  staff-holders. 

In  crossing  a  stream  or  a  sheet  of  water,  the  leveller,  besides 
taking  enough  of  levels  to  give  a  section  of  its  banks  and  bed, 
should  take  the  existing  level  of  the  surfiuse  of  the  water,  and  also 
the  highest  and  lowest  levels  of  the  water,  so  far  as  he  can 
ascertain  them.     Levels  of  the  bottom  may  be  taken  by  sounding. 

When  a  sight  is  to  be  taken  to  determine  the  level  of  a  point 
which  is  below  the  line  of  collimation  by  more  than  the  entire 
length  of  the  staff,  the  staff  may  be  raised  up  vertically  until  the 
leveller  can  read  some  division  near  its  upper  end,  and  the  height 
of  the  lower  end  of  the  staff  above  the  ground  may,  at  the  same 
time,  be  measured  with  a  tape-line  or  with  another  staff,  and  added 
to  the  height  read.  This,  however,  should  only  be  practised  at 
intermediate  sights. 

On  the  subject  of  Cbec&iac  i^ereii,  see  Article  16,  page  15.  In 
good  ordinary  levelling  the  discrepancy  between  two  sets  of  levels 
over  the  same  section  may  be  about  a  foot  in  forty  miles  of  distance. 

52.  CMVMttoa*  tin  Cnrmtare  andl  BeftttCtloB* — Inasmuch  as  a 

troly  horisontal  sur&ce  is  not  plane,  but 
qiheroidal  (Article  3,  p.  2),  the  line  of 
■j^  of  the  level,  when  truly  adjusted, 
does  not  exactly  coincide  with  such  a 
mfiux,  bat  18  a  tangent  to  iL     The  nicO. 
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b^ht  read  upon  a  levellingHstaff^  therefore,  is  always  greater  ihaa 
it  would  be  if  a  horizontal  surface  were  plane;  and  the  quantity  to 
be  deducted  from  the  height  on  the  staff  of  the  point  which 
is  in  the  prolongation  of  the  line  of  collimation,  in  order  to  reduce 
it  to  the  height  which  would  have  been  read  had  a  horizontal 
surface  been  plane,  is  called  the  correction  for  cunxUfwre. 

On  the  other  hand,  the  line  of  sight,  being  the  line  along  which 
light  proceeds  from  the  object  looked  at  to  the  telescope,  is  not 
perfectly  straight,  being  made  slightly  concaye  downwards  by  the 
refracting  action  of  the  air.  Hence  the  point  seen  on  the  staff 
apparently  in  the  line  of  collimation  produced,  is  not  exactly  in 
that  line,  but  is  below  it  by  an  amount  called  the  error  from 
refrucbiony  and  thus  the  error  arising  fr^m  curvature  is  partly 
neutralized;  and  the  correcvion  to  be  subtracted  for  curvature  and 
refraction  usually  is  somexrhat  less  than  the  correction  for  curvature 
alone. 

In  fig.  45,  A  represents  the  level;  B,  a  point  on  the  ground; 
B  C  E  D,  the  staff  standing  on  it;  A  C,  a  level  surface  touching  the 
line  of  collimation,  with  the  curvature  very  much  exaggerated; 
AD,  a  straight  line  in  prolongation  of  the  line  of  collimation; 
E  A,  the  real  line  of  sight,  a  curved  line  in  which  light  prooeedsy 
owing  to  atmospheric  refraction.  Then  the  correction  for  cwrvok- 
ture  is  —  C  D ;  the  correction  for  refraction  +  D  E;  and  the  joint- 
correction, 

-EO=-OD  +  DE, (1.) 

The  correction  for  curvature  is  a  third  proportional  to  the  earth's 
diameter  and  the  distance  between  the  level  and  the  staff — ^that  ia 
to  say,  its  value  infect  is 

distance'        2  ,..            .                    .*    \o 
41  778  000  ^  3  (^^^®**^^  "^  statute  miles)* (2.) 

The  error  produced  by  refraction  varies  very  much  with  the 
state  of  the  atmosphere,  having  been  found  to  range  from  one-half  to 
one-tenth  of  the  correction  for  curvature,  and  in  some  cases  to  vary 
even  more.  Its  value  cannot  be  expressed  with  certainty  by  any 
known  formula;  but  when  it  becomes  necessary  to  allow  for  it,  it 
may  be  assumed  to  be  on  an  average  about  one-sixth  of  the  correop 
tion  of  a  curvature;  so  that  ^e  joint  correction  for  cwrvoUfuure  and  r0- 
fractiony  to  be  subtracted  from  the  reading  of  the  stafl^  is  on  an 
average, 

I  X  (i^SE^Ij^- .  56  (dirtance  in  statute  maeB)«...{3.) 
The  errors  produced  by  curvature  and  refraction  are  neatraliaed 
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when  back  and  fore-sights  ate  taken  to  staves  at  equal  or  nearly 
equal  distances  from  the  leveL  At  distances  not  exceeding  ten 
diaina,  they  are  so  small  that  they  may  be  neglected 

The  uncertainty  of  the  correction  for  refraction  makes  it  advis- 
able to  avoid,  in  exact  levelling,  all  sights  at  distances  exceeding 
about  a  quarter  of  a  mile. 

53.  The  MjtirtA  FieU-B««k  is  kept  in  various  forms,  according  to 
the  practice  of  different  engineers.  In  one  of  the  most  usual  and 
conTcnient^  each  page  is  divided  into  seven  columns,  headed  as 
follows: — 

p.  "BeclLr  Foi«e-  t^^h  Eeduced  th.^^^^  Description  o! 
^^    si^t     sight     ^^       LeveL      I>>«*«^<»-         Object 

The  first  entry  made  is  in  the  column  of  reduced  levels,  being  the 
elevation,  in  feet  and  decimals,  of  the  bench  mark  on  which  the 
first  back-sight  is  taken  above  a  datum  horizontal  surface;  and 
opposite  this,  in  the  column  of  description  of  objects,  is  the  desig- 
nation of  that  bench  mark.  In  the  second  and  all  the  folio wiug 
lines  the  only  entries  usually  made  in  the  field  are  the  back-sights 
and  fore-sights,  the  distances,  and  the  description  of  objects;  so 
Uiat^  beginning  at  the  right  side  of  the  page,  we  have  in  each  line 
the  description  of  a  point  or  object  (if  any  description  is  necessary), 
Ob  distance  &om  the  commencement  of  the  line  of  section,  the  fore- 
sight read  upon  the  staff  when  held  at  that  point,  and  the  back- 
Bght  read  upon  the  staff  when  held  at  the  point  immediately 
preceding.  On  each  occasion  when  an  intermediate  sight  is  taken 
without  shifting  the  level,  it  will  be  entered  as  a  fore-sight  opposite 
the  point  to  which  it  is  laken,  and  also  as  a  back-sight  in  the  fol- 
lowing line.  In  reducing  the  levels,  which  ought  to  be  done  each 
evening  for  the  levels  taken  during  the  day,  the  first  process  is  to 
take  the  difference  between  the  back-sight  and  fore-sight  in  each  line, 

and  enter  it  as  a  <  ^  v.  >  according  as  the  •!  ^      '  .^ .  \  is  the 

greater.  The  reduced  levels  are  then  computed  in  succession  from 
&6  level  of  the  first  bench  mark  by  the  successive  addition  of  the 
rises  and  subtraction  of  the  falls. 

The  calculations  in  each  page  are  checked  by  adding  up  the  first 
four  columns ;  when  the  difierence  between  the  total  rise  and  total 
&U  ought  to  be  equal  to  the  difference  between  the  sum  of  the 
back-sights  and  the  sum  of  the  fore-sights,  and  also  to  the  difference 
between  the  first  and  last  reduced  levels  in  the  page,  the  first 
reduced  level  in  the  first  page  being  that  of  the  first  l^nch  mark; 
and  the  last  reduced  level  in  each  page  being  also  entered  as  the 
fint  in  the  following  page. 

It  is  sometimes  usefcd  to  enter  in  the  column  of  descriptions  the 
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magnetic  bearings  of  the  lines  levelled,  and  to  illostrate  it  ooea- 
sionally  by  sketch  sections  of  the  more  intricate  parts  of  the  ground. 
It  is  ofben  necessary  to  reduce  the  levels  in  the  field,  especially 
in  taking  trial  levels.  In  such  cases  the  calculations  should  be 
carefully  checked  afterwards. 

54.  Plotting  a  Section  is  commenced  by  drawing  with  a  very 
accurate  straight-edge  a  straight  "  datum-line,^*  to  represent  the 
datum  horizontal  siuface  from  which  heights  are  redconed,  and 
marking  on  that  datum-line  a  scale  of  distances.     The  vertical 
scale  should  be  drawn  on  the  papei  ctt  right  cmgles  to  the  datnm^ine, 
in  order  that  it  may  be  parallel  to  the  lines  representing  heights, 
and  expand  and  contract  along  with  them.     This  is  of  great  im- 
portance in  engraved  and  lithographed  sections,  in  which  Uie  paper 
often  expands  or  contracts  differently  in  different  directiona    The 
plotting  of  the  distances  and  heights  entered  in  the  field-book  is 
performed  like  that  of  the  distances  and  ofOsets  in  a  chained  survey. 
(Article  31,  p.  32.)    As  to  scales,  see  p.  7. 

Explanations  are  usually  written  above  the  objects  to  which 
they  relate,  such  as  roads,  railways,  canals,  rivers,  &c. 

The  nature  of  the  principal  information  which  is  required  in 
writing  on  sections  for  engineering  purposes  has  been  stated  in 
Ai'ticle  14,  pp.  14,  15. 

55.  i^evcuing  b7  the  ThcodoUto  may  be  performed  in  three 
different  ways. 

I.  By  placing  the  line  of  coUimation  horizontal,  and  using  the 
theodolite  like  a  hod. — This  may  be  done  when  a  proper  levelling 
instrument  is  not  at  hand. 

II.  By  setting  the  line  of  coUimation  at  a  hnoum  angle  of  m- 
elinationj  and  taking  sights  in  other  respects  as  if  with  a  kieL — 
This  process  may  save  time  in  taking  the  levels  of  steeply  sloping 

ground.     In  fig.  46,  A  repreaeaitB 
the  theodolite,  b  A  e  the  sloping 
line  of  sight,  B  &,  0  c,  and   the 
other  vertical  lines,  heights   resul 
off  on  the  Bta£L     The  most  ooi^ 
yenient  way  to  reduce  levels  taken. 
by  this  method  is  first  to  reduce 
them  as  if  the  line  of  sight 
horizontal,  and  then,  accordixig^ 
its  inclination  is  upward  or  downward,  add  to  or  subtract  ficom  eadi 
reduced  height  a  correction  for  declioity,  found  by  multiplying;  the 
distance  of  the  point  from  the  commenoement  of  the  sloping  lixie 
of  sight  by  the  sine  of  the  angle  of  inclination,  if  distances 
been  measured  on  the  slope,  or  by  its  tangent,  if  they  haeve 
^reduced'to  horizontal  distances.     (Article  23,  p.  20). 


Fig.  48. 
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HL  Bff  taking  angles  ofdltUvde  and  depregaion, — The  JieigHt  of 
an  object  above,  or  its  depth  below,  the  telescope  of  thetheodolite, 
is  nearljeqtial  to  its  horizontal  distance  from  the  station  of  observa- 
tion moltiplied  bj  the  tangent  of  its  altitude  or  depression,  as  the 
case  may  ba 

The  correction  for  cnrvatnre  is  one-hai/of  the  angle  euhtended  hy 
the  diitance  ai  the  centre  of  curvattt/re  of  ^  ewrtHie  aurfa^,  or  "  con- 
tained arc,"  as  it  is  called;  and  that  correction  is  to  be  added  to 
altiindes  and  subtracted  from  depressions  (As  to  the  computation 
of  tiiat  angle,  see  Article  33,  Division  V.,  pp.  46,  47.) 

The  correction  for  refraction  is  very  variable,  as  has  been  already 
explained.  On  an  average,  it  may  be  approximated  to  by  dimin- 
ishing the  correction  for  curvature  by  one-sixtL 

The  e^ts  of  curvature  and  refraction  may  be  nearly  neutralized 
bjr  taking  reciprocal  angles,  as  they  are  called ;  that  is  to  say,  if  A 
and  B  be  two  stations,  B  being  the  higher;  ti^e  the  altitude  of  B 
as  seen  from  A,  and  the  depression  of  A  as  seen  from  B;  half  the 
difference  of  those  angles  will  be  the  combined  correction ;  and  the 
tangent  of  half  their  sum,  being  multiplied  by  the  distance,  will 
give  the  difference  of  level  nearly.  The  reciprocal  angles  should  be 
taken  as  nearly  as  possible  at  the  same  instant,  lest  the  refracting 
power  of  the  air  should  change  in  the  interval. 

Levelling  by  angles  is  not  to  be  relied  upon  for  engineering 
purposes,  except  occasionally  in  taking  flying  levels. 

The  altitude  of  an  object  on  land  is  taken  with  the  sextant,  by 
observing  the  *' double  aUilvde*^ — that  is,  the  angle  between  the 
object  and  its  image  as  reflected  in  a  trough  of  mercury,  called  an 
^ artificial  horizon^^ — and  taking  one-half  of  that  double  altitude. 

56.  i«ercniBs  kj  the  piane-Tabie  is  performed  by  adjusting  the 
table  with  particular  care  to  a  horizontal  position,  measuring  the 
tangent  of  the  altitude  or  depression,  and  multiplying  it  by  the 
distance.      To  enable  such  tuigents  to  be  _ 

measured)    the    index    is    constructed    as 
follows:— In  fig.  47,  E  P  is  the  flat  bar  of    * 
the  indeX)   F  6  its  forward  and  E  a  its 
backward  sight.     Kear  the  bottom  of  the    '^  ^     ^'•'"•2 

badnrazd     sight    is    a    siirht-hole    A    for  ^„  .. 

^berving  al^des;  near  the  top,  a  sight-  ^'^'  ''' 

Ue  a  iSc  observing  depressions.  A  scale  of  equal  parts  is  marked 
Ob  "tile  forward  sight,  and  numbered  upwards  from  B  opposite  A, 
aid  downwards  Sam  h  opposite  a.  A  slider  D  is  sUd  up  or  down 
iiB  a  cross-wire  contained  in  it  appears  in  a  line  with  the  object^ 
and  the  tangent  is  read  by  an  index  and  vernier. 
This  process  also  is  only  suited  for  flying  levels. 
61.  liercOliis  br  the  Bumcler  aiMl  yhitwmefr  may  occasion.- 
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ally  be  used  for  engineering  purposes  to  take  flying  levek  in 
exploring  the  country.  The  following  formula  is  sufficiently 
correct  for  that  object : — 

Let  the  quantities  observed  be  denoted  as  follows : — 

Atthebwor    Attliehigte 

sUtkn. 


Height  of  the  mercurial  column  in  the  baro- 
meter,    H h 

Temperature  of  the  mercury  in  degrees  of 
Fahrenheit,  as  shown  by  the  "  attached  ** 
thermometer, T t 

Temperature  of  the  air  in  degrees  of 
Fahrenheit,  as  shown  by  the  ''detached" 
thermometer, T ^ 

Then  the  height  of  the  higher  station  above  the  lower,  in  feet 

=  60360  jlog  H  — log  A  — -000044  (T— ^)l  .] 

/,   ,T'  +  ^  — 64\  f-^^-^ 

V"*" 986 J'  J 

For  rapid  calculation,  the  following,  though  less  exact,  iff 
convenient : — 

Height  in  feet  =  56300  (log  H  —  log  h),  (l  +  ^iA nearly.  (2.) 

In  the  absence  of  logarithms,  the  following  formula  may  be  used 
for  heights  not  exceeding  about  3,000  feet  Correct  the  barometric 
reading  at  the  higher  station  as  follows : — 

Height  in  feet  =::  52428  fe^'  (l  +  ^^^-^t^^=^)  nearly.  (3.) 

The  preceding  formulie  are  applicable  to  the  mercurial  barometeSi 
They  are  also  applicable  to  the  **  Aneroid"  barometer,  with  the 
exception  of  the  correction  depending  on  the  temperature  by  the 
attached  thermometer.     The  aneroid  barometer,  if  very  slrilfally 
constructed,  may  be  made  to  require  no  appreciable  correction  for 
the  effect  of  its  own  temperature  on  its  indications.     Should  it 
need  such  correction,  the  amount  can  only  be  determined  by  aA 
experimental  comparison  between  the  individual  aneroid  bflrometer 
and  a  mercurial  barometer.     (See  p.  789.) 
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Anotlier  method  of  taking  flying  levels,  depending,  like  the 
bah)metric  method,  upon  the  pressure  of  the  air,  is  that  of  determin- 
ing the  boiling-point  of  pure  water  by  a  very  sensitive  thermometer — 
a  method  invented  by  Dr.  Wollaston,  and  improved  by. Principal 
ForbesL  (See  Tranaactiana  of  the  Royal  Society  of  EdirUmrgh,  vols. 
XV.  and  xxL) 

That  boiling-point  Mia  veiy  nearly  at  the  rate  of  ons  degree  of 
Fahrenhdtfar  every  5i3feet  ofaeoent;  and  still  more  nearly  accord- 
ing to  the  following  formula : — 

« in  feet  =  517  (212*  —  T)  +  (212*  —  T)«; (4.) 

Tbeing  the  boiling-point  on  Fahrenheit's  scale,  and«  the  height  of  the 
station  where  the  experiment  Is  made  above  a  station  where  the 
boiling-point  is  212^.  To  compare  the  leveb  of  two  stations,  the 
boiling-point  of  pure  water  is  to  be  observed  at  each,  and  the 
quantity  2;  is  to  be  calculated  by  formula  4  for  each  of  the  boiling- 
points  ;  when  the  difference  between  those  quantities  z,  corrected 
for  the  temperature  of  the  air,  will  be  the  approximate  difference 
of  level 

6S.  Vctiidcd  I<cir«la— Vcatncs  of  the  fimumtrf, — ^The  USe  to   the 

engineer  of  "  Flying  Levels,"  or  observations  of  the  heights  of 
detoched  points,  has  already  been  mentioned  in  Article  10,  p.  9. 
Such  heights  cannot  be  easily  shown  by  means  of  vertical  sections; 
and  the  most  convenient  method  of  recording  them  is  to  write 
them  on  a  plan  of  the  country. 

Detached  levels  may  be  taken  for  the  purpose  of  determining  tho 
elevations  of  important  points  on  existing  works,  such  as  bridges, 
mads,  railways,  canals,  &a,  or  of  objects  suitable  for  bench  marks; 
or  they  may  be  taken  in  order  to  give  the  engineer  a  general 
knowledge  of  the  form  of  the  surface  of  the  oountiy.  In  the 
present  Article  it  will  be  shown  what  positions  are  the  best 
soited  for  detached  levels  taken  with  the  last-mentioned  purpose. 

On  the  sur&oe  of  the  earth,  and,  indeed,  on  any  irregularly 
cmred  surface,  two  classes  of  lines  may  be  distinguished,  whuse 
positions  and  figures  are  of  primary  importance  in  determining  the 
shape  of  that  surface — RmoE-LiKES  and  Yalley-Lines. 

L  A  BUje  EJ—  is  distinguished  by  the  property,  that  along  the 
whole  of  its  course  it  is  higher  thiain  the  ground  immediately 
adjacent  to  it  on  each  side; — ^in  othsr  words,  the  ground  slopes 
downwards  from  it  at  both  sides.  The  rain-water  which  fiedls  on 
the  ground  consequently  runs  away  from  both  sides  of  a  ridge- 
line;  and  henoe  it  is  also  called  a  *'  Water-shed  LnnB."  Bidge- 
lines  are  also  sometimes  called  "  the  features  of  the  country."  The 
carth*e  surfiEice  is  traversed  by  a  number  of  main  ridge-lines,  which 
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are  the  central  lines  of  the  great  mountain-chains;  from  these 
there  diverge  branch  ridge-lines,  and  from  these  secondary  branch 
ridge-lines,  and  so  on;  until  in  most  cases  the  final  ridge-lines  end 
at  promontories,  where  they  sink  down  into  the  plains  or  the 
valleys.  A  ridge-line  may  return  into  itself,  so  as  to  contain 
within  it  an  enclosed  hollow  or  basin;  but  this  is  of  comparatiyelj 
rare  occurrence. 

A.  ridge-line  is  seldom  either  straight  or  level  throughout  any 
considerable  part  of  its  length,  being  almost  always  more  or  less 
wavy  or  serrated  both  vertically  and  horizontally. 

The  bighest  points  of  ridge-lines  form  the  summits  of  the  bilk 
The  summit  of  a  conical  or  rounded  hill  may  in  some  cases  be  an 
isolated  point,  not  traversed  by  a  ridge-line;  but  the  summit  of  a 
hill  is  in  general  traversed  by  at  least  one  ridge-line,  and  is  very 
often  a  point  of  divergence  of  several  ridge-lines.  A  summit  may 
sometimes  be  a  flat  expanse  called  a  "  table-land,"  with  ridge-lines 
diverging  from  its  edges. 

II.  A  Talle7-i«iB«  is  distinguished  by  the  property,  that  along 
the  whole  of  its  course  it  is  lower  than  the  ground  inunediately 
adjacent  to  it  on  each  side; — in  other  words,  the  ground  slopes 
upwards  from  it  at  both  sides.     The  water  on  the  surface  of  the 
ground   consequently    runs    towards    a    valley-line    from    both 
sides,  and  except  in  certain  cases,  runs  along  the  valley-line  in  a 
stream;  whence  valley-lines  may  be  called  "Water-Couese  LntES." 
The  exceptions  are,  when  the  valley-line  is  in  an  enclosed  basin, 
80  that  a  lake  is  formed;  and  when  the  surface  water  disappears  by 
evaporation  or  absorption.     Between  each  adjacent  pair  of  final 
ridge-lines  there  is  a  valley-line;  these  valley-lines  converge  and 
unite  into  greater  valley-lines,  and  so  on  until  the  final  valley- 
lines  end  in  the  sea,  or  at  the  bottom  of  some  enclosed  basin,  or 
at  the  edge  of  a  plain.     A  valley-Une,  like  a  ridge-line,  is  seldom 
either  straight  or  level  throughout  any  considerable  part  of  its 
length. 

The  end  of  a  ridge-line  lies  in  general  either  in  a  plain,  or  between 
two  converging  vaUey-lines,  or  in  the  bend  of  a  valley-line.  The 
commencement  of  a  valley-line  lies  in  general  between  two  diverg- 
ing ridge-lines,  or  in  the  bend  of  a  ridge-line,  or  at  a  '^  Pass." 

A  iBwtm  is  a  plaoe  on  a  ridge-line  lower  than  any  neighboniing 
point  on  the  same  ridge-line,  and  might  be  described  as  a  point 
where  a  ridge-line  and  a  valley-line  cross  each  other  at  right  angleB; 
but  it  is  more  in  accordance  with  the  ordinary  use  of  the  word 
'' valley"  to  describe  the  line  of  lowest  elevation  at  a  pass,  -whush 
croeseB  the  lidge-line  at  right  angles,  as  consisting  of  two  valley-liBiM 
which  run  downwards  fnun  the  pass  in  opposite  direeiLoim. 

Snna  tbese.  dMoapkaona  of  lidge-liaeB  a&d  valley-tinei^  and  ot 
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pointB  in  and  connected  with  them,  it  is  obvious  that  the  places 
▼hose  elevations  are  of  most  importance  towards  a  knowledge  of 
the  figure  of  the  sur&ce  of  a  district  are  the  following : — 

The  summits  of  hills,  being  peaks^  table-lands,  or  highest  points 
of  ridge-lines. 

The  points  where  the  inclinations  of  ridge-lines  change. 

The  points  from  which  ridge-lines  diverge. 

The  passes,  or  lowest  points  of  lidge-lines  and  highest  points  of 
pairs  of  valley-lines. 

The  lowest  points  of  valley-lines. 

The  points  where  the  inclinations  of  valley-lines  change. 

The  points  where  converging  valley-lines  meet. 

Of  tii  those  places,  those  which  are  of  most  importance  in  the 
eogmeeiing  of  lines  of  communication  are  the  passes;  because  they 
ire  in  general  the  points  at  which  ridges  are  to  be  crossed. 

To  &e  levels  of  the  places  already  enumerated  may  be  added, 
those  of  the  surfiices  of  seas,  lakes,  rivers,  and  other  bodies  of  water, 
m  their  various  conditions. 

The  valley-Hnes  of  a  district  are  usually  marked  with  sufficient 
distmctness  on  a  plan  by  the  water-courses.  The  position  of  the 
ridge-lines  is  in  general  indicated  by  shading  the  slopes  which  fall 
fiom  them  in  each  direction,  the  best  system  of  shading  being  that 
according  to  which  the  depth  of  the  shadow  varies  with  the  steep- 
ness of  the  slope,  being  made  as  nearly  as  possible  proportional  to 
the  tangent  of  the  angle  of  declivity.  The  bottoms  of  valleys  are,  in 
addition,  very  slightly  shaded,  in  order  to  distinguish  them  from 
the  tops  of  hills. 

59.  €^win»  Untm  are  used  as  means  of  enabling  a  plan  to  give 
BMire  complete  information  as  to  the  figure  of  the  surface  of  the 
ground  than  is  possible  by  means  of  levels  written  in  figtires  alona 

A  contour-line  on  a  plan  represents  a  contour-line  on  the  earth's 
sorfiuse,  which  is  a  line  traversing  all  the  points  on  the  ground  that 
sre  at  a  given  constant  height  above  the  datum-level.  A  contour- 
line  on  the  ground  may  be  otherwise  described  as  a  horizontal 
section  of  the  earth's  sur&ce,  or  the  line  where  the  earth's  surface 
is  cut  by  a  given  horizontal  surface,  or  the  outline  of  an  imaginary 
a^eet  of  water,  covering  the  ground  up  to  a  certain  given  eleva* 
tion. 

All  oontour-lines  cross  the  lines  of  steepest  declivity  on  the 
■nfitce  of  the  ground  at  right  angles;  they  also  cross  at  xitght 
mgles  all  ridge-lines  and  valley-lines  at  which  the  surface  of  th& 
9*^)>Qiul  is  sensibly  carTtd,  and  does  not  form  an  absolutely  sfaaxp 
J^to  or  furrow. 

^he  vertical  distance  between  successive  contoux^ines  on  a  plior 
depoods  on  the  scale  of  the  plan,  idie  figure  o£  the  ground,  and.  tfaer 
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puixx>9e  for  wbicli  the  plan  is  intended ;  being  greater  in  pHans  on  a 
small  scale  than  in  those  on  a  large  scale ;  greater  where  the  slopes 
are  steep  aod  the  hills  high  than  where  the  slopes  are  gentle  and 
the  hills  low;  and  greater  or  less,  also^  according  to  the  precision 
with  which  levels  have  been  taken  for  finding  the  position  of  the 
contour-lines,  and  the  use  that  is  to  be  made  of  them  in  desigmng 
works.  For  example,  in  the  Ordnance  Maps  of  Britain,  on  the 
scale  of  six  inches  to  a  mile,  contour-lines  are  drawn  at  each  twenty* 
five  feet  of  height,  and  certain  of  these,  called  '*  principal  contour- 
lines,"  are  determined  with  greater  precision  than  the  others ;  and 
those  principal  contour-lines  are  at  every  fifty  feet  of  elevation  in 
the  flatter  parts  of  the  countiy,  and  at  every  hundred  feet  in  the 
more  hilly  parts.  The  closest  contour-lines  are  those  which  have 
been  laid  down  in  some  plans  of  town  districts  for  purposes  of 
drainage  and  other  improvements :  these  occur  at  vertical  IntervalB 
of  from  eight  feet  to  two  feet. 

Different  methods  of  determining  the  positions  of  contour-linet 
may  be  followed  according  to  the  degree  of  precision  required.  To 
lay  down  principal  contour-lines,  a  series  of  bench  marl^  should  be 
made  at  such  points  in  ridge  and  valley-lines  as  have  been  already 
specified  in  the  preceding  Article;  the  positions  of  those  bend^ 
marks  should  be  ascertained  in  the  course  of  the  survey,  and  laid 
down  on  the  plan,  and  their  elevations  found  by  levellmg.  Then 
by  levelling  from  those  bench  marks,  points  are  to  be  marked  by 
pegs,  or  otherwise,  on  the  ridge  and  valley-lines,  and  at  as  many 
intermediate  places  as  may  appear  necessary,  at  certain  definite 
elevations  above  the  datum-level,  such  as  50  feet,  100  feet^  150  feet, 
and  so  on.  The  positions  of  the  points  so  marked  being  surveyed 
with  the  chain  and  plotted,  give  a  series  of  points  in  the  contour- 
lines  ;  and  the  course  of  those  lines  between  the  points  so  found  by 
surveying  is  to  be  sketched  upon  a  tracing  of  the  plan  taken  to  the 
ground  for  the  purpose.  Bench  marks,  whose  levels  ought  to  be 
checked,  should  be  made  at  the  places  where  principal  contour-lines 
cross  important  ridge-lines  and  valley-lines. 

Intermediate  contour-lines  can  be  interpolated  between  the 
principal  contour-lines  by  sketching  on  the  ground,  aided  by  the 
known  levels  of  the  points  where  the  rates  of  inclination  of  the 
ridge  and  vaUey-Hnes  vary. 

The  horizontal  distance  between  two  adjoining  contour-lines 
being  inversely  as  the  tangent  of  the  angle  of  in<^nation  of  the 
ground,  is  also  inversely  as  the  depth  of  shadow  to  be  used  to 
express  the  steepness  of  the  slope.  "Hill-sketching,"  as  it  is  called, 
consists  in  shading  the  slopes  of  hills  upon  the  ground  according  to 
tbis  principle,  with  the  pencil,  by  drawing  horizontal  lines  parallel 
to  the  contour-lines,  and  with  a  degree  of  closeness  proportional  to 
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ci     tiiat  of  tlie  oontoor-lmes  themseLTea     Those  pencil  hatdiings  aro 
ii{     in  &ct  intennediate  oontour-lines  sketched  by  hand.* 

In  engnred  plans  the  shading  of  hills  is  effected  by  means  of 
hatched  Uses  at  right  angles  to  the  contonr-lines,  and  following, 
therefore,  the  lines  of  steepest  declivity. 

In  order  that  an  engineer  may  know  how  far  he  can  depend  npon 
the  oontoor-fines  on  a  plan  as  a  means  of  enabling  him  to  select 
:i^  the  hest  line  for  a  proposed  work,  it  is  necessary  that  he  should 
know  hy  what  method,  and  with  what  degree  of  precision,  their 
positions  have  been  determinexl,  and  that  he  should  see  upon  the 
plan  the  positions  and  written  levels  of  the  bench  marks  and  other 
detached  points  which  have  been  used  during  that  process. 

60.  CbMi  BectiaM  may  cross  the  centre  line,  or  line  of  the  Ion- 
gitadinal  section,  of  a  proposed  work  either  at  right  angles  or 
e|    obliquely. 

The  term  is  applied  to  longitudinal  sections  of  existing  lines  of 
communication  which  the  proposed  work  has  to  cross.  Such  sections 
have  already  been  referred  to  in  Article  7,  p.  6,  and  Article  8,  p.  7. 
Cross  sections  to  assist  the  engineer  in  choosing  the  best  line 
«i|  (refecred  to  in  Article  11,  Division  Y.,  p.  10)  should  in  general  run 
along  the  ridge-lines  and  valley-lines  wlucli  are  to  be  crossed  by  the 
proposed  work.  They  should  also  be  made  where  the  ground  has 
a  steep  slope  in  a  direction  transverse  or  oblique  to  ^lat  of  the 
centre  line  of  the  proposed  work. 

Cross  sections  to  accompany  the  working  section,  for  the  purpose 
of  enabling  quantities  of  excavation  or  other  work  to  be  measured 
and  calculated  exactly  (referred  to  in  Article  11,  Division  XIV.^ 

*  In  the  late  Mr.  Bntler  Willicms'B  PneOoal  Gwiuy^  pw  190,  he  descrihea  in 
the  foOowuig  tenna  an  approzimale  method  of  drawing  oontom^lines  by  the  aid  of 
pcDcfl  hill-ahading»; — 

**  Honzflotal  cootooncan  be  traced  by  the  eye  with  conaiderable  aocoracy,  especially 
when  the  aonrcyor  ia  aariated  by  tlie  altilndes  obtained  in  the  trigooometrical  opera- 
tioas  acnring  ibr  the  conrtniction  of  the  ootline  map.  The  process  .  .  .  which  I  now 
proceed  to  describe,  ia  rapid  in  ezecntion,  and  tolerably  correct  fior  a  small  scale  (say 
one  tndi  or  two  indtea  to  a  ndle),  where  experience  haa  trained  the  eye  to  aocnracy. 
It  is  well  adapted  Ibr  reoonnoissances  of  a  conotiy,  and  is  mndi  need  by  military 
engineers.  The  ctril  cnicineer  would,  however,  frequently  find  the  same  advantage 
in  jtsnm  it  in  his  preliminary  ezaminationa  of  countries  for  the  purpose  of  aeleetipg 
genenl  lines  of  communication. 

**In  the  fidd,  when  the  eye  is  alone  depended  upon,  the  horizontal  lines  are  traced 
in  pencil,  hy  dooe  parallel  hatdiings;  and  when  Uie  whole  drawing  is  ilnished,  the 
oonnal  oontours  are  traced  at  the  required  vertical  distances  apart,  by  following  the 
general  direction  of  tlie  pencil  lines,  and  checking  thdr  truth  by  means  of  the  trigono- 
Pffrical  devationa  or  other  hdghta  marked  on  the  map.  The  contours,  when  a 
eonnpleiecirenitia  made,  most  return  to  the  point  of  departure;  and  ifit  were  attempted 
by  the  ere  alone  to  trace  normal  contours  whidi  are  isolated  from  each  other,  no 
degree  of  pieviona  experience  would  suffice  ibr  tiie  attainment  of  the  object 
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p.  11),  aie  in  general  at  right  angles  to  the  line  of  the  longitadiiul 
sectioii. 

61.  The  Waiec^Kierei  is  an  instrament  naed  instead  of  the  spnt- 
level  where  long  rouge  and  great  accuracy  are  mmeeesMoy.  li  oon* 
sists  of  an  inverted  siphon  tabe,  fixed  on  the  top  of  a  -stand,  and 
nearly  filled  with  water,  which  may  be  slightly  tinged  to  make  it 
the  more  easily  visible.  The  horizontal  part  of  the  tdbo  {aboai 
eighteen  inches  or  two  feet  long)  may  be  of  metal :  the  two  iwtieal 
branches  (which  are  only  two  or  three  inches  high)  torn  of  j^ 
The  surfaces  of  the  water  stand  at  the  same  level  in  those  two 
branches;  and  the  leveller  obtains  a  horizontal  line  of  si^t  by 
looking  along  a  line  joining  those  two  sur&ces,  which  may  be  am- 
sidered  as  the  '4ine  of  collimation"  of  the  instrument  Wm 
the  distance  of  the  staff  is  so  great  that  the  observer  cannot  read 
the  divisions,  a  staff  of  the  old  kind,  with  a  sliding  vane,  may  be 
used.  (See  Article  49,  p.  83.)  The  water-level  is  useful  for  setloog- 
uat  the  points  of  contour-lines  intermediate  between  the  l)enck 
marks,  being  sufficiently  accurate  for  that  purpose,  and  more  exp<^ 
ditious  than  the  telescopic  levelling  instrument 
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CHAPTER  V. 

OF  BETTIKG-OUT. 

62.  »-«g*-g  Sttmighi  lAmm^—lt  has  already  been  stated  in 
Article  11,  Division  XIII.,  P-  11>  that  the  process  of  ramging  <md 
tttdag-ofU  the  line  consists  in  marking  on  the  ground  the  centre 
line  of  the  proposed  work. 

That  marlriTig  consists  of  two  Operations :  temporaiy  marking,  or 
no^ng,  by  means  of  poles;  and  permanent  marking,  or  setting- 
ont^  properly  so  called,  in  which  the  principal  marks  are  in  general 
stakes. 

The  distance  apart  of  the  stakes  used  in  setting-out  the  centre 
line  of  a  proposed  work  varies  considerably  in  the  practice  of 
different  engineers.  In  some  cases,  a  stake  is  driven  at  every  chain 
of  66  feet;  in  others,  at  every  100  feet;  while  on  some  works  the 
distance  from  stake  to  stake  has  been  as  great  as  300  feet.  Time 
and  ou)ney  are  saved  by  adopting  a  long  interval  between  the  stakes^ 
bat  at  the  expense  of  precision. 

For  ranging  straight  lines  of  moderate  length,  the  most  conve- 
nient instrument  is  a  large-sized  transit  theodolite— that  is  to  say, 
one  with  circles  of  six  inches  in  diameter  or  more  (Article  34, 
Pp.  54,  55) — ^because  the  telescope  is  capable  of  being  tamed  com 
lately  over  about  its  horizontal  axis,  so  as  to  range  one  continuous 
stoight  line  in  two  opposite  directions  from  the  station.  In  order 
that  this  operation  may  be  correctly  performed,  great  care  must  be 
Wowed  on  the  adjustment  of  the  line  of  collimation  perpendicular 
to  the  horizontal  axis  (Article  35,  p.  60),  of  tho  horizontal  axis 
perpendicular  to  the  vertical  axis  (Article  35,  p.  61),  and  of  the 
vertical  axis  truly  vertical  (Article  Z5,  p.  5S),  With  a  good  six- 
inch  theodolite  the  error  in  ranging  a  pole  in  a  straight  line  hhould 
^  exceed  10"  in  angular  direction;  that  is  to  say,  about  three 
Oldies  at  a  distance  of  a  mile  off. 

For  very  long  straight  lines,  however,  the  theodolite  is  not 
"efficiently  exact;  and  then  it  becomes  advisable  to  use  a  small 
'^^AXsiT  iBsntCMESTT,  Consisting  simply  of  a  telescope  with  a  hori* 
vmtal  axis,  resting  on  a  suitable  stand,  so  as  to  be  capable  of  being 
^^>nMd  over  in  a  vertical  plane. 

^  telescope  of  a  transit  instrument  for  engineering  purposes 
Btty  be  from  twenty  to  thirty  inches  in  the  focal  length  of  tb^ 
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object-glass.  At  the  middle  of  the  length  of  t^e  telescope  tube  is  a 
hollow  sphere,  to  which  are  joined  two  hollow  cones,  forming  the 
arms  of  the  horizontal  axis.  Those  arms  taper  towards  the  ends. 
where  they  terminate  in  two  hollow  cylindriGd  pivots,  which  rest 
in  angular  bearings  called  Y's,  each  supported  on  the  top  of  one  of 
the  standards  of  the  fram&  One  of  these  Y^s  has  a  TertioU  adjusting 
screw,  for  raising  or  lowering  it  till  the  horizontal  axis  is  truir 
horizontal;  the  other  has  horizontal  adjusting  screws,  for  shifting 
it  back  or  forward  until  the  horizontal  axis  is  truly  perpendicular  to 
the  vertical  plane  in  which  the  line  of  collimation  is  intended  to 
move.  There  is  a  moveable  spirit-level  for  placing  the  axis  hori- 
zontal, whose  use  will  presently  be  described. 

At  the  common  focus  of  tiie  object-glass  and  eye-piece  are  a 
set  of  cross-wires  carried  by  a  diaphragm,  which  has  adjusting 
screws  to  move  it  so  as  to  place  the  line  of  collimation  (marked  by 
the  intersection  of  the  central  pair  of  cross-wires)  exactly  perpen- 
dicular to  the  horizontal  axis.  At  night  the  cross-wires  are 
rendered  visible  by  light  which  enters  from  a  lantern  through 
one  of  the  hollow  pivots  of  the  horizontal  axis,  and  is  reflected 
towards  the  cross-wires  by  a  small  oblique  mirror.  The  strong 
cast-iron  stand  of  the  instrument  rests  on  and  is  screwed  to  a 
smooth  level  stone  slab,  forming  the  top  of  a  massive  stone  or  brick 
pedestal,  built  on  a  firm  foundation.  The  building  which  shelters 
the  instrument  should  be  entirely  disconnected  from  the  pedestal ; 
otherwise  the  vibrations  produced  in  it  by  the  wind  will  be  com- 
municated to  the  instrument. 

To  facilitate  the  placing  of  the  instrument  exactly  in  a  given 
alignment,  the  frame  sometimes  rests  on  a  lower  frame,  like  the 
slide-rest  of  a  lathe,  along  which  it  can  be  slid  sideways  into  the 
required  position  by  the  action  of  a  screw. 

The  adjustments  of  the  tiunsit  instrument  are  as  follows : — 

(1.)  To  place  the  line  of  coUinuUion  exactly  perpendicular  to  the 
horizontal  axis, — Direct  the  cross-wires  towards  a  well-defined 
point  in  a  distinct  object;  lift  the  telescope  with  its  axis  out  of  the 
T's,  turn  it  over,  so  as  to  reverse  the  position  of  the  axis  end  for 
end,  and  set  it  down  again :  if  the  cross- wires  cover  exactly  the 
same  object,  the  adjustment  is  correct ;  if  not,  correct  one-half  of 
the  error  by  the  horizontal  adjusting  screws  of  one  of  the  T's,  and 
the  other  half  by  the  adjusting  screws  of  the  diaphragm.  Bepeat 
the  process  till  the  adjustment  is  perfect. 

(2.)  To  place  the  Jwrizontal  axis  truly  horizontal — The  spixit- 
level  has  two  feet,  which  aro  to  be  placed  striding  across  the  tele- 
scope so  as  to  rest  on  the  two  pivots  of  the  horizontal  axis  respec- 
tively. Bring  the  bubble  to  the  middle  of  the  level  by  turning 
the  vertical  adjusting  screw  of  one  of  the  Y's;  reverse  the  position 
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of  the  level  end  for  end :  if  the  babble  remsins  at  the  centre  of  the 
lerel,  the  adjustment  is  correct;  if  not^  correct  one-half  of  the 
deviation  by  the  Tcrtical  adjusting  screw  of  the  axis,  and  the  other 
half  by  the  adjusting  screw  which  regalates  the  height  of  one  of  the 
feet  of  the  spirit-leyeL  Repeat  the  operation  till  the  adjnstaient  is 
perfect;  and  be  carefiil  to  remove  the  spirit-level  before  moving 
the  telescope. 

(3.)  To  place  the  plane  of  moUon  of  the  line  cfeoUimaHon  exactly 
m  ike  vertical  flame  travening  two  dtatarU  dations  al  opposite  eidee 
oftkeintintmenL 

The  pedestal  is  to  be  bnilt  as  nearly  in  the  true  alignment  as 
is  piBcticable  by  ordinary  methods  of  nrnging,  and  the  upper 
im&ce  of  the  fiat  stone  which  fonns  the  top  is  to  be  carefully 
kTdled. 

The  transit  instrument  having  been  set  on  the  pedestal,  and  its 
line  of  coUimation  adjusted  perpendicular  to  the  horizontid  axis,  is 
to  be  moved  by  hand  until  the  telescope,  being  turned  alternately 
in  opposite  directions,  points  nearly  towards  the  signals  marking  the 
distant  ends  of  the  line;  observing,  that  when  the  line  of  oollimar 
tk>a  deviates  to  the  eame  side  of  both  signals  (for  example,  in  a 
line  running  north  and  south,  to  the  east  of  both,  or  to  the  west  of 
both)  Budi  deviation  is  to  be  corrected  by  shifting  the  stand  side- 
ways ;  and  that  when  the  line  of  collimation  deviates  to  opponle 
sides  of  the  signals  (for  example,  to  the  east  of  one,  and  to  the  west 
of  the  other)  such  deviation  is  to  be  corrected  by  turning  the 
stand  as  if  about  a  vertical  axi&  This  is  the  first  approximation 
to  adjustmoit.  A  second  approximation  is  made  in  the  same 
manner,  after  having  levelled  the  horizontal  axis;  and  thiu  the 
plaees  are  marked  for  the  screw  sockets.  The  instrument  having 
been  removed,  the  boles  for  those  sockets  are  to  be  cut^  and  the 
locketB  fixed  in  them  with  lead. 

The  instrument  is  then  replaced,  and  a{^proximately  adjusted  as 
befwe,  and  the  screws  for  fisng  it  to  the  pedestal  are  inserted,  but 
noi  ti^tened.  The  instrument  is  finally  adjusted  by  the  aid  of 
the  horixontal  adjusting  screws  of  the  horizontal  axis,  and  the 
fixing  aoews  are  tightened,* 

'V'&yB  require  to  be  set  out  with  great  precision.  The  form  almost 
^mirerBally  adopted  for  them  is  that  of  circular  arcs,  though  in  a 
^  iniitaiieea  otiier  forms,  such  as  that  of  the  parabola,  have  been 
^ned.  There  are  reasons  for  thinking  that  the  best  form,  in  a 
iBechanical  point  of  view,  is  that  called  the  ^elastic  curve,"  which 
a  qving  of  uniform  tnnsverse  section  takes  when  bent:  (on  thi.4 

*Amplt  detaila  «q  tUi  nljeet  sngiTca  ia  Mr.  Siamra  voik  Om  Practieal 
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Bubject,  see  Article  434,  page  651).  The  only  methods  which  will 
be  described  here  are  three  of  those  of  setting  out  dnnilar  cuiTea— 
the  method  by  angles — the  method  by  offsets — and  the  method  by 
bisections  of  arcs. 

Method  L — Setting-out  Circular  Curves  by  Angles  at  tJie  Ot' 
cumference. — ^This  is  lie  only  method  by  which  circular  curves  can 
be  set  out  at  once  as  quickly  and  as  accurately  as  straight  lines.* 

It  depends  on  the  well-known  principle, 
that  the  angle  subtended  by  any  arc  of 
a  circle  at  any  point  in  the  circumfereDoe 
of  the  same  circle,  is  one-half  of  the  angle 
subtended  by  the  same  arc  at  the  centre 
of  the  circle.  For  example,  in  fig.  48, 
A  B  is  an  arc  of  a  circle,  C  a  point  in 
the  circumference  of  the  same  circle  Ijing 
beyond  the  arc.  The  angle  A  C  B  is 
one-half  of  the  angle  subtended  by  A  B 
at  the  centre  of  the  circle.  When  the  point  at  which  the  angle  is 
measured  lies  upon  the  arc,  as  at  E,  it  is  the  angle  B  E  F  =  A  £  G, 
between  the  line  drawn  from  one  end  of  the  arc  and  the  prolonga- 
tion of  the  line  from  the  other  end,  that  is  equal  to  half  the  angle 
at  the  centre  of  the  circle.  When  the  point  at  which  the  angle  is 
measured  is  one  of  the  ends  of  the  arc,  as  A,  it  is  the  angle  DAB, 
between  the  tangent  of  the  arc  and  its  chord,  that  has  the  same 
property. 

To  express  this  by  a  formula ;  let  a  denote  the  length  of  the  arc, 
r  the  radius  of  the  circle ;  then — 


Fig  48. 


Angle  at  the  circumference  in  minvles 
^AOB  =  FEB  =  DAB  =  :^^^^**^^^'"^^ 


2 


=  1718'-873-. 
r 


(1.) 


(The  co-efficient  is  the  value  in  minutes  of  one  half  of  the  arc  equal 
to  radius;  see  p.  37.)  t 

*  This  method  of  setting-oat  carves  by  angles  was  poblished  for  the  first  time  in  a 
paper  read  to  the  Institution  of  Civil  Engineers  on  the  14th  of  March,  1843,  bj  the 
aathor  of  this  worlc,  who  had  first  practised  it  in  1841.  Methods  of  setting-oat 
carves  by  the  theodolite  had  previonsly  been  employed  by  Captain  Vetch  and  Hr. 
Oravatt,  but  they  had  not,  so  far  as  the  aathor  knows,  been  published  before  1862. 

t  American  engineers  describe  the  sharpness  of  carves  by  stating  the  oambcr^  of 
degrees  in  the  angle  sabtended  at  the  centre  by  an  arc  of  100  feet  in  length,  whicfa 
angle  they  call  the  '*  angle  of  deflaction."    Its  value  is 


Angle  of  deflection  in  degrees  = 


5729G 


radius  in  feet 
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In  appljmg  that  principle  to  practice^  the  best  instnunent  is  a 
fik-inch  transit  theodolite,  which  will  range  the  positions  of  poles  at 
the  distance  of  half  a  mile  to  the  accuracy  of  an  inch  and  a-hal£ 
With  a  smaller  insti-ument, 
the  distances  must  be  shorter, 
or  the  predsion  less. 

PlBOBLEK     FiBST.*    To     SOt 

oofc  a  circular  curve  touching 
two  given  straight  lines,  when 
the  point  of  intersection  of 
thoee  straight  lines  is  acces- 
sible. 

In  fig.  49,  let  B  A,  0  A,  be 
the  two  stiaigbt  lines,  inter- 
secting in  A.  Set  the  theodo-  '  pi^  ^9^ 
lite  at  A,  and  measure  the 
angle  there,  which  denote  by  A;  then  lay  off  the  two  equal  tan* 
gents,  A  B,  A  C,  as  calculated  by  the  following  formula  (in  which  r 
is  the  intended  ladius  of  the  curve): — 

AB  =  AC  =  r-cotan^; (2.) 

and  B  and  0  will  be  the  ends  of  the  curve,  where  it  touches  the 
straight  lines. 

It  is  convenient  (though  not  always  necessaiy)  to  find  the  middle 
point  of  the  curve.  For  that  purpose,  range,  by  means  of  the 
theodolite,  the  line  A  D  bisecting  the  angle  at  A;  and  lay  off  the 
distance, — 


AD  =  r'(  cosec-^— 1  j; (3.) 


then  will  D  be  the  middle  point  of  the  curve. 

The  points  B  and  C  (and  also  D,  if  marked)  should  be  marked 
by  stakes  distinguished  in  some  way  from  the  ordinary  stakes  which 
are  driven  all  along  the  centre  line  at  equal  distances  of  one  chain, 
or  100  feet,  or  some  other  distance. 

A  corre  is  called  a  *' one-degree  canre,**  a  two-degree  cnrve^"  and  so  on,  aooordlog 
to  Mok  angle  of  deflection.    Uenoe, 

A  ** one-degree    curve'*  means  a  carve  of  5729*6  feet  radius; 
a  *' two-degree  curve"    —        —         2864-8  —     — 
a  "three-degree  curve"    —        —         1900-9  —     — 

iodaoon. 
*  ?(Qr  aome  additional  problems  in  setting  out  corves,  aee  Article  484,  pi 
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The  total  length,  of  the  cunre  is  found  hj  the  formula. 

Arc  B  C  =  •  0002909  r  x  supplement  of  A  in  minute&...(4.) 

Any  one  of  the  points,  B,  C,  or  D,  will  answer  as  a  station  for 
the  theodolite  in  ranging  the  curve.  The  commencement  of  the 
curve,  B,  is  the  station  that  involves  the  simplest  operations;  but 
when  the  length  of  the  curve  exceeds  about  half  a  mile,  the  middle 
point,  D,  is  the  best  station  as  regards  accuracy  and  convenience. 

The  following  is  the  process  of  ranging  the  curve  with  the  theo* 
dolite  planted  at  its  commencement,  B : — 

For  brevity's  sake,  the  distance  between  the  stakes  which  mark 
the  centre  line  of  the  proposed  railway  will  be  called  ''a  Chain/' 
whether  it  is  66  feet,  100  feet,  or  a  greater  distance. 

Let  o,  in  fig  49,  represent  the  last  stake  in  the  portion  of  the 
straight  line  immediately  preceding  the  curve;  the  distance  Bl 
fh)m  the  commencement  of  the  curve  to  the  first  stake  in  it  will  be 
the  difference  between  one  chain  and  o  B.  The  angle  at  the  cir- 
cumference subtended  by  the  arc  B 1  having  been  calculated  by 
equation  1,  is  to  be  laid  off  by  the  theodolite  from  the  tangent 
B  A,  the  zero-point  of  the  azimuth  circle  being  directed  towards  A. 
The  line  of  collimation  will  then  point  in  the  proper  direction  for 
the  fii'st  stake  in  the  curve,  1;  and  its  proper  distance  from  B  being 
laid  off  by  means  of  the  chain,  its  position  will  be  determined  at 
once. 

The  angles  at  the  circumference  subtended  by  B  1  + 1  chain, 
B  1  +  2  chains,  B 1  +  3  chains,  &c,,  being  also  calculated,  and  laid 
off  from  the  tangent  B  A  in  succession,  will  respectively  give  the 
proper  directions  for  the  ensuing  stakes,  2,  3,  4,  &c.,  which  are 
at  the  same  time  to  be  placed  successively  at  uniform  distances  of 
one  chain  by  means  of  the  chain. 

The  difference  between  an  arc  of  one  chain  and  its  chord,  on  any 
curve  which  usually  occurs  on  railways,  is  in  general  too  small  to 
cause  any  perceptible  error  in  practice,  even  in  a  very  long  distance  ; 
but  should  curves  occur  of  unusually  short  radii,  it  is  easy  to  calcu- 
late the  proper  chord,  and  set  it  off  from  each  stake  to  the  next, 
instead  of  one  chain,  the  length  of  the  arc.  For  this  purpose,  the 
following  approximate  formula  is  usefoL  Let  r  be  the  radius^  a  the 
arc,  and  c  the  chord;  then — 


=«(i-2f;2)'^e*'^iy- C^) 


When  the  curve  is  ranged  with  the  theodolite  at  D,  or  at  any 
other  intermediate  point  in  the  curve,  or  at  its  termination  C,  the 
process  is  precisely  the  same,  except  that  the  zero-point  of  the 
azimuth  cii^e  is  to  be  turned  towards  B  instead  of  A;  and  that 


» 
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wben  the  chain  passes  the  theodolite  station  (for  example,  in  going 
from  stake  4  to  stake  5  in  fig.  49,  with  the  theodolite  at  D),  the 
telescope  is  to  he  turned  completely  over. 

When  the  inequalities  of  the  ground  make  it  impossihle  to  range 
the  entire  curve  from  the  stations  B,  D,  and  0,  anj  stake  which  has 
alie&dy  been  placed  in  a  commanding  position  will  answer  as  a 
station  for  the  theodolite. 

The  stakes  or  poles,  after  having  been  ranged  by  the  theodolite, 
sboold  have  their  positious  finally  checked  and  adjusted  by  a 
modification  of  the  method  of  offsets,  which  will  afterwards  be 
explained. 

Problex  Second. — To  set  out  a  circular  curve,  touching  two 
giveu  straight  lines,  when  the  point  of  intersection  of  those  lines  is 
inaocessible. 

In  fig.  50,  the  lines  to  be  chained  on 
the  ground  are  represented  by  full  lines; 
those  whose  lengths  are  to  be  calculated 
only  are  dotted. 

Let  B  A,  C  A,  be  the  two  straight 
lines,  meeting  at  the  inaccessible  point 
A.  Chain  a  straight  line  D  £  upon 
aooessible  ground,  so  as  to  connect  those 
tvo  tangents.  The  position  of  the  trans- 
tmU  D  £  is  arbitrary;  but  it  is  conve-  F*  ^0. 

nient  so  to  place  it  that  it  will  cut  the  proi)osed  curve  in  two  points, 
which  may  be  determined,  and  used  as  theodolite  stations. 

Measure  the  angles  B  D  £,  D  £  C,  which  may  be  denoted  by  D 
Hid  £.    Then  the  angle  at  A  is 

A  =  I)  +  E-180%- (6.) 

AI)  =  DE-^;A£  =  D£.-52^; (7.) 

am  A  sin  A  ^   ^ 

A  A 

DB^r-cotany-AD;  E  C  =  r'cotan^-.A  E; ...  (8.) 

and  by  laying  off  the  distances  D  B  and  E  C  as  thus  cdculated,  the 
ends  of  the  curve  B  and  C  are  marked,  and  it  can  be  ranged  from 
either  of  those  stations  as  in  Problem  First. 

But  it  is  often  convenient  to  have  intermediate  points  in  the 
eme  for  theodolite  stations;  and  of  those  the  points  of  intersec- 
^ffla  with  the  transversal,  H  and  K,  and  the  point  G,  midway 
"^een  these,  can  easily  be  found  by  the  following  calculations,  in 
'i^iig  which  a  table  of  squares  is  usefuL 

^  F  be  the  point  on  the  transversal  midway  between  H  and  K. 
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If  B  D  =  C  E,  the  point  F  is  at  the  middle  of  D  £.  If  BDand 
0  E  are  unequal,  let  B  D  be  the  greater ;  then  the  position  of  F  is 
given  by  either  of  the  two  following  formula : — 


DF  = 


DE    Bpg-OEg 
2   ■*■      2DE 


;EF  =  -2-- 


DE    BD2-CE^ 


2DE 


. "  (90 


The  points  H  and  K  are  at  equal  distances  on  each  side  of  F, 
given  hj  either  of  the  following  expressions : — 


=  ^(DF«-BD2)  =  ^(EF2-CE2) 


,(10.) 


The  equations  9  and  10  are  deduced  from  the  two  following, 
which  may  be  used  in  order  to  check  the  calculations,  and  are  given 
in  a  form  suitable  for  the  use  of  a  table  of  squares: — 


(11.) 


The  point  G  in  the  curve  is  found  by  setting  off  the  ordinate 
F  G  perpendicular  to  D  E,  of  the  following  length: — 


rG  =  r-  ^r2-FH2. 


(12). 


The  angles  subtended  at  the  centre  of  the  curve  by  the  several  ana 
between  the  commencement  B  and  the  points  H,  G,  K,  0,  are  as 

follows: — 

FH 

Angle  subtended  at  thecentrebyBH  =  180'  —  D  -arc  'sin  — ; 

—  —        —        —         BG  =  180"*-D; 

—  —        —        —        BK  =  180^-D  +  arc-sin^^^ 

r 

—  —        —        _      BC=180'-A  =  360''-D-E; 

and  the  length  of  any  one  of  those  arcs  may  be  computed  by  meana 
of  the  fonnula, 

Arcs  •  0002909  r  x  angle  at  centre  in  minutes.  ...  (14.) 
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The  use  of  such  oomputations  will  appear  in  the  next  problem. 

Oases  may  oocnr  in  which  obstacles  upon  the  ground  render  it 
neoessaiy  to  make  one  or  both  of  the  ends  of  the  transversal  D  E 
meet  th^  straight  tangents  beyond  the  ends  of  the  curva  The 
whole  of  the  formulae  already  given  continue  to  be  applicable,  with 
onlj  the  following  modifications. 

When  D  lies  further  from  A  than  B  does,  D  B  is  negative  in  the 

first  of  the  equations  8 — that  is,  A  D  is  greater  than  r  *  cotan  -^  ; 

and  the  point  H,  as  found  by  means  of  equation  10,  lies,  not  on 

the  arc  to  be  ranged,  but  on  the  continuation  of  the  same  circle 

bejondR 

When  E  lies  further  from  A  than  C  does,  E  C  is  negative  in  the 

second  of  the  equations  8 — that  is,  A  E  is  greater  than  r  *  cotan 

A 

o ;  and  the  point  K,  as  found  by  means  of  equation  10,  lies,  not 

on  the  arc  to  be  ranged,  but  on  the  continuation  of  the  same  circle 
beyond  C. 

The  point  G  always  lies  on  the  arc  to  be  ranged.  The  longer 
the  ordinate  F  G  is,  the  more  carefully  must  it  be  set  off  at  right 
angles  to  the  transversal 

pROBLEH  Third. — To  set  out  a  circular  curve  touching  two  given 
straight  lines,  when  part  of  the  curve  is  inaccessible  to  the  chain. 

If  the  point  of  intersection  of  the  tangents  is  accessible,  the  two 
ends  of  the  curve  are  to  be  determined  and  marked  as  in  Problem 
First,  and  also  the  middle  point  of  the  curve,  unless  it  lies  on  the 
inaccessible  ground ;  and  the  length  of  the  curve  is  to  be  computed 
by  equation  4 

If  the  point  of  intersection  of  the  tangents  is  inaccessible,  the 
two  ends  of  the  curve,  and  at  least  one  intermediate  point,  are  to 
he  determined  and  marked  by  the  aid  of  a  transversal,  as  in  Problem 
Second,  and  the  lengths  of  the  arcs  bounded  by  those  points  are  to 
be  computed  by  the  formulse  13  and  14. 

A  transversal  may  be  useful  even  when  the  point  of  intersection 
of  the  tangents  is  accessible. 

Bach  of  the  points  thus  marked  will  serve  either  as  a  theodolite 
station,  or  as  a  station  to  chain  from,  or  for  both  purposes ;  and  the 
stakes  lying  between  the  obstacle  and  the  next  station  beyond  it 
tte  to  be  planted  by  chaining  backwards  from  that  station. 

Suppose,  for  example,  that  the  commencement  of  the  curve  (B), 
lies  at  243  chains  60  links  from  the  commencement  of  the  line,  or 
"peg  0."  The  first  stake  in  the  curve  will  be  40  links  from  B, 
«id  will  he  "  peg  244."  Now,  suppose  that  pegs  245  and  246  can 
be  planted  by  chaining  forwards,  but  that  an  obstacle  occurs  in  the 
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course  of  the  next  cliain.  Let  G  denote  a  station  in  the  curve 
beyond  the  obstacle,  found  by  means  of  a  transversal  or  otherwise, 
and  let  the  arc  B  G,  computed  by  the  proper  formula,  be  6  chains 
20  links.  Then  G  is  243  •  60  +  6  •  20  =  249  chains  80  linla  from 
"  peg  0,"  and  lies  between  peg  249  and  p^  250.  Peg  249  is 
planted  by  chaining  backwards  80  links  from  G,  and  p^s  248  and 
247  by  continuing  to  chain  backwards.  Peg  250  is  planted  by 
chaining  forwards  20  links  from  G,  and  pegs  251,  <fea,  by  continu- 
ing to  chain  forwarda  The  ranging  of  the  angular  directions  of 
the  stakes  from  a  theodolite  station  pi-esents  no  peculiarity. 

Method  IL — SetHng-otuCircularClunes 
by  Offsets. 

In  fig.  51,  let  A  0,  C  E,  E  G,  be  a  ames 
of  equal  or  unequal  chords  inscribed  in  a 
circle.  Produce  A  C,  to  D,  makiog  C  D 
=  C  E ;  join  D  R  The  distance  D  E 
is  called  the  ^^offsd^  and  its  value  ia 
^^'  ^^'  almost  exactly 

DE  =  £^^. (15.) 

Let  C  E  and  E  G  be  two  eqv/d  chords;  then  the  ofiset  is 

FG  =  ^.  (16.) 

If  A  B  is  a  tangent  to  the  curve  at  A,  and  C  B  a  perpendicular 
let  fall  upon  it  from  C,  that  perpendicular,  being  the  offsdfrcm  the 
tangenty  is 

B0=^. (17.) 

Problem  Fourth. — ^To  set  out  a  circular  curve  by  oflQsets,  com- 
mencing at  a  given  point  on  a  straight  line  (fig.  51). 

Let  A  be  the  commencement  of  the  curve,  found  as  in  Problem 
First,  and  marked  with  a  pole;  A  B  the  prolongation  of  the  straight 
line  (being  a  tangent  to  the  curve),  and  B  the  end  of  the  chain  when 
laid  along  that  prolongation  from  the  last  stake  in  the  straight  line. 
Plant  a  small  pole  at  B,  calculate  the  offset  B  C  by  equation  17, 
shift  the  end  of  the  chain,  and  the  pole  along  with  it,  sideways  from 
B  to  C,  keeping  the  chain  tight,  and  leave  the  pole  at  C. 

Drag  the  chain  onward  in  the  prolongation  of  A  C;  range  a  pole 
at  D  in  a  straight  line  with  A  and  0,  and  at  one  chain's  distance 
from  C ;  shift  the  pole  and  the  end  of  the  chain  through  the  ofl&et 
D  E,  calculated  by  equation  15. 
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Drag  the  chaiix  oDward;  range  a  pole  at  E  in  a  staraight  line 
vith  C  and  £,  and  at  one  chain's  distance  from  E ;  shift  the  pole 
and  the  end  of  the  chain  through  the  oSaet  F  Q,  calculated  by 
equation  16;  leave  the  pole  at  G,  and  so  on. 

If  this  process  could  be  performed  with  absolute  precision,  the 
earve  iroiild  terminate  by  exactly  touching  the  further  tangent 
at  the  point  of  contact  found  as  in  Problem  First.  But  this  never 
takes  place  at  the  first  tiial,  except  by  accident;  for  any  small 
inaocmacy  in  laying  off  the  ofiset  produces  an  error  in  the  position 
of  each  stake,  increasing  nearly  as  the  square  of  the  distance  from 
the  oommencement  of  the  curva  If  the  final  error  is  considerable, 
the  cnrre  must  be  ranged  over  again,  until  by  successive  trials  the 
final  error  has  been  reduced  to  one  not  exceeding  about  ten  links; 
then  the  positions  of  the  stakes  are  to  be  finally  adjusted  by 
ehainiDg  round  the  curve  once  more,  and  shifting  each  stake 
ndeways  through  a  distance  proportional  to  the  square  of  its 
distance  from  the  commencement  of  the  curv& 

Although  this  method  is  clumsy  and  tedious  as  a  means  of 
tanging  curves,  it  is  very  useful  for  testing  the  uniformity  of 
cnmtuie  a£  curves  abeady  ranged,  and  for  rectifying  the  positions 
of  individual  stakes  to  the  extent  of  an  inch  or  two. 

Method  IIL — ^Problem  Fifth. — To  aetcmta  drcidar  cUrve  hy 
Mooentw  biMctions  ofofrcs. 

This  is  a  method  to  be  used  only  in  the  absence  of  angular 
instnunenta  It  depends  on  the  following  relation  between  the 
vened  sine  of  an  angle  B  and  that  of  its  half; 

Tendn|  =  1  _y^l_I^. (18.) 

To  apply  this  principle,  let  B  A, 
C  A,  in  fig.  52,  be  the  two  tan- 
gents, and  B  and  0  the  ends  of 
the  curve,  so  placed  that  A  B  and 
A  G  shall  be  equal,  but  leaving 
the  radius  to  be  found  by  calcula- 
tioa    Measure  the  chord  B  0. 

Then  the  simplest  process  for  finding  the  radius  is  to  use  the 
ibUowing  formula : — 

AB'BC 

*-  =  Va^^^^ ^''"^ 

^t  as  the  triangle  A  B  C  is  in  general   "  ill-conditioned,"  it  is 
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more  aocorate,  thongli  more  laboxiousy  to  bisect  B  C  in  E,  meaaon 

ABBE  .... 

«•=— o- <^'^> 

Calculate  the  versed  sine  of  the  angle  A  B  E  =  B,  which  is  that 
sabtended  at  the  centre  by  one-half  of  the  curvCy  aa  follows : — 

_      A  B  —  BE  ,^- . 

versm  B  = ^-^5 — ; (20.) 

and  by  means  of  equation  18  (using  a  table  of  squares^  if  one  is  at 

B  B  B 

hand)  calculate  the  versed  sines  of  '99  t>  »>  ^>  ^  suocesmoOi 

observing  that  versin  B  enables  one  intermediate  point  is  the 

B  B 

curve  to  be  founds  versin  -^,  three  points,  versin  -j,  seven  points; 

and    generallj,  that  versin  -^  enables  2*  +  *  —  1  intermediate 

points  in  the  curve  to  be  found. 

From  the  middle  E  of  the  chord  B  C  and  perpendicular  to  it^ 
lay  off  the  ofi&et  E  D  ^  r  versin  B;  D  will  be  the  middle  point  of 
the  curve. 

Chain  and  bisect  the  chords  B  D,  D  C,  and  from  their  middle 
points  and  perpendicular  to  them,  lay  off  the  o£&etB 

H  K  =  I  L  =  r  versin  ?; (21.) 

K  and  L  will  be  points  in  the  curve,  midway  respectively  between 
B  and  D,  and  between  D  and  C;  and  so  on  until  a  sofiUcient 
number  of  points  have  been  marked  by  poles. 

Then  chain  round  the  curve  as  ranged  by  the  poles,  and  drire 
stakes  at  equal  distances  apart. 

The  uniformity  of  the  curvature  may  be  finally  checked  by 
Method  IL 

^  64.  NicfciDi^at  the  centre  line  of  a  proposed  work  consists  in 
cutting  a  small  trench  about  six  inches  wide,  to  mark  the  centre 
line  in  the  intervals  between  the  stakes.  The  sur&oe  of  the 
ground  ought  to  be  left  undisturbed  for  a  short  distance  on  each 
side  of  each  staka 

Where  the  centre  line  crosses  fences  and  buildings,  it  should  be 
distinctly  marked  by  notches  or  grooves. 

65.  Fcnmuieat  WLmwUm  •£  the  litae  aa4  IjereUi  are  usually  stakei 
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of  Ifkiger  dimensioiifl  than  those  which  mark  the  centre  line,  and 
daoed  00  £Bur  to  either  side  of  it  that  there  is  no  lifik  of  their 
being  disturbed  during  the  progress  of  the  work,  hy  whddh  the 
marks  on  the  centre  line  itself  are  obliterated. 

The  places  where  permanent  marks  of  the  course  of  the  line  are 
dusfly  required  are  on  the  tangents  of  curves, — ^their  distances  from 
i^  ends  of  the  curves  being  noted,  so  as  to  enable  both  the  curves 
and  the  straight  lines  which  connect  them  to  be  ranged  over  again 
at  anj  time.  Any  important  point  on  a  curved  or  strai^t  part 
of  the  centre  line  may  be  permanently  marked  by  driving  two 
stakes  in  a  straight  line  passing  through  it,  one  at  each  side  of  the 
site  of  the  work,  and  noting  its  distances  irom.  them,  or  by  any  of 
the  means  described  in  the  second  paragraph  of  Article  21,  p.  17. 

Stakes  to  be  used  as  permanent  bench  marks  for  the  levels  of 
the  work  are  about  three  or  four  feet  long,  and  four  inches  square, 
hooped  round  the  top  with  iron  to  prevent  the  head  from  being 
crashed.  One  of  the  best  ways  to  form  a  firm  surface  for  the  staff 
to  rest  on  is  to  drive  into  the  head  of  the  stake  a  long  iron  spike 
^h  a  large  convex  head;  the  uppermost  point  of  the  convex 
surface  of  that  head  is  the  bench  mark.  Such  marks  are  to  be 
placed  near  the  sites  of  all  proposed  pieces  of  masonry,  and  other 
atmctuies  of  importance,  and  near  the  ends  of  cuttings  and 
embankments;  and  opposite  points  where  the  rate  of  inclination  01 
pwUent  of  a  proposed  railway  is  to  change. 

As  soon  as  any  piece  of  masonry  has  been  built  high  enough, 
one  or  more  bench  marks  should  be  made  on  the  masonry  itself,  to 
regulate  the  levels  to  which  the  remainder  of  the  structure  is  to  be 
boih. 

66.  w«tfctec  8ecii«B  mid  i^ercl-Bo^lu— The  nature  of  a  working 
section  has  already  been  explained  generally  in  Article  11,  Division 
XrV.,  p.  11,  and  in  Article  16,  p.  15.  The  levels  taken,  in  order 
to  prepare  it^  consist  for  the  most  part  of  those  of  the  stakes  planted 
to  mark  the  centre  line,  which  are  driven  until  their  heads  are 
flush  with  the  ground.  Should  any  inequality  of  the  groimd  occur 
between  two  stakes,  enough  of  additional  levds  and  distances  must 
be  taken  to  enable  an  exact  vertical  section  of  it  to  be  plotted;  and 
tiie  levels  of  every  line  of  communication  and  other  important 
oljeet  must  be  taken  where  it  is  crossed  by  the  centre  line.  The 
level  of  every  stake,  and  of  every  line  of  commimication  crossed,  is 
to  be  taken  twice  over. 

As  to  scales  for  working  sections,  see  p.  7. 

Crocs  Sections  have  already  been  referred  to  in  Article  60,  p.  97. 
'Whsn  the  ground  is  uneven  sideways,  they  may  be  required  at 
«^  stake  In  general,  they  should  be  ranged  accurately  at  right 
SDgles  to  the  centre  line,  and  should  be  plotted  without  exaggera- 
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tlon;  their  vertical  and  horizontal  scales  being  the  same  with  tbe 
vertical  scale  of  the  longitudinal  section.    All  cross  sections  should  be 
plottedas  seen  bjlooking/orioarcb  towards  them  along  the  centre  line. 
The  l4erei-B«ok  of  the  working  section  of  a  line  of  communica- 
tion is  a  book  containing  a  complete  statement  of  the  levels  of  the 
ground  and  of  the  intended  work,  and  of  oth^  information  which 
will  presently  be  specified.     Each  folio  of  the  book  is  divided  into 
several  columns,  whose  number,  arrangement,  and  contents  differ 
in  the  practice  of  different  engineers.     The  following  statement  of 
the  contents  of  the  several  columns  of  a  level-book  may  be  taken  as 
an  example.     It  is  specially  adapted  to  a  railway,  but  may  be 
made,  by  slight  modifications,  to  suit  other  kinds  of  works: — 
Oolunm  1.  Numbers  of  the  stakes  planted  at  equal  intervals  of 
66  feet,  100  feet,  300  feet,  or  some  other  distance 
along  the  centre  line.     The  stake  at  which  the  Hne 
commences  is  numbered  0. 
Column  2.  Distances  from  the  commencement  of  the  section,  in 

links  or  feet,  as  the  case  may  be. 
Column  3.  Descriptions  of  objects  between  the  equidistant  stakes, 
such  as  fences,  streams,  roads,  canals,  railways,  in- 
termediate stakes  at  ends  of  curves,  Ac 
Column  4.  Levels  of  the  ground  at  the  stakes,  and  between  them 

when  necessary,  and  of  bench  marks. 
Colunm.  5.  Intended  level  of  the  upper  surface  of  the  railway  (or 

other  proposed  work.) 

Column  6.  Formation  levd  (that  is,  level  of  the  ground  when 

prepared  by  excavation  or  embankment  for  the 

completion  of  the  work). 

Column  7.  Depths  of  cutting,  \  as  calculated  by  taking  the  differ- 

Column  8.  Heights  of  embank-  >ences  between  the  numbers  in 

ment,  j  column  4  and  column  6. 

Column  10  I  ^**®  ^^  lateral  slope  of  the  ground,  if  any,  to  the 

I    '  ht  I  ^^  ^^  centre  line,  specifying  whether  it 

rises  or  falls  from  the  centre  lin&  If  the  slope  of 
the  ground  is  irregular,  reference  may  be  made  to  a 
cross  section. 

Column  12  I  •^''®^^^  ^^  ^^<^  required  for  works  only  (exclu- 
sive  of  fences)  to  the  <    .^,  .>  of  the  centreline 

These  are  called  "half-breadths"  The  method  of 
calculating  them  will  be  described  under  the  head  of 
Eabthwobe,  in  the  seqaeL 
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ciSrlt}  ^<^  half^^readih,  to  the  {^Jof  the  centee 

line,  found  by  adding  the  intended  breadth  of  the 
fencing  to  the  half-breadths  in  columns  11  and  12. 
Colomn  Id.  Angles  at  -which  streams,   roads,  canals,    railways, 
&C.,  cross  the  centre  line,  stating  (if  the  angles  are 
oblique)  whether  the  acute  angle  lies  to  the  left  or 
right  of  the  centre  line  looking  forwards. 
Colomn  16.  Remarks : — Comprising  positions  of  permanent  mai*ks, 
rates  of  inclination  or  gradients,  radii  of  curves, 
spans  and  head-room  of  bridges,  tunnels,  and  arches 
of  yiaducts,  alterations  of  level  of  existing  lines  of 
communication,  &c., — ^the  whole  accompanied  by  a 
sketch  of  the  working  section. 
When  an  existing  line  of  communication  is  to  be  altered  in  posi- 
tion or  level  for  the  purposes  of  the  proposed  work,  a  working  section 
<^ihe  works  required  for  such  altei-ed  line  should  be  prepared  in  the 
flame  manner  with  that  of  the  principal  work,  and  its  description 
inserted  in  the  level-book. 

67.  iirttiH^— t  8l»pea  and  Breadths  of  i^and  (already  referred  to 
in  Article  11,  p.  11)  is  performed  by  laying  oflF  the  half-breadths 
d  the  work  and  the  total  Iialf-breacUhs,  as  calculated,  exactly  at  right 
Angles  to  the  centre  line,  marking  their  ends  with  stakes,  and 
sometimes  also  nicking  out  lines  so  as  to  connect  those  stakes,  and 
show  the  boundaries  of  the  earthwork  and  the  boundaries  of  the 
land  to  be  occupied  respectively.  A  temporaiy  fence  is  made,  as 
KKm  as  possible,  along  the  outer  of  those  boundaries. 

The  liaad-Plaas  (referred  to  in  the  same  page)  are  prepared  by 
plotting  the  total  half-breadths  on  the  plan  of  the  working  survey, 
drawisg  the  boundaries  of  the  pieces  of  land  required  for  the  work, 
snd  making  separate  copies  or  tracings  of  them,  to  be  used  in 
dealing  with  the  owners  and  occupiers. 

68.  Pcnmaeat  Marks  of  Ultcs  of  Works  are   stakes    planted   On 

nearly  the  same  principle  with  those  already  described  in  Article 
65  for  marking  points  on  the  centre  line.  For  example,  suppose 
that  the  work  to  be  set-out  is  a  bridge,  consisting  principally  of  two 
abo^ents  which  support  an  arch  or  a  platform.  The  principal 
points,  upon  which  the  positions  of  aU  other  points  in  the  bridge 
depend,  are  the  four  comers  of  its  abutments.  To  enable  the 
poatbuB  of  those  comers  to  be  found  at  any  time,  plant  four  stakes 
^  the  prolongations  of  the  faces  of  the  two  abutments,  at  known 
^Ktuices  from  the  four  comers,  and  suficiently  far  from  them 
to  he  clear  of  the  work. 

^9*  In  99Mmg'0nt  i^ercb  of  Ezcaraaons  the  engineer  causes 
stakes  to  be  driven,  whose  heads  are  at  the  intended  formation-leveL 

1 
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To  plant  a  stake  at  a  given  level,  the  staff  is  to  be  held  upon  the 
nearest  bench  mark,  and  read ;  the  difference  between  the  level  of 
that  bench  mark  and  that  of  the  new  stake  to  be  driven,  is  to  be 
added  to  the  reading  of  the  staff,  if  that  stake  is  to  be  lower  than 
the  bench  mark, — subtracted,  if  it  is  to  be  higher.  This  gives  tlie 
height  which  will  be  I'ead  upon  the  staff  at  the  new  stake,  when 
that  stake  has  been  driven  to  the  proper  depth. 

Two  such  stakes,  being  driven  at  fifty  feet  apart  or  thereabouts, 
in  the  centre  line,  near  the  commencement  of  a  proposed  cutting, 
enable  the  excavators  to  carry  on  the  cutting  at  the  proper  level 
and  rate  of  inclination  for  some  distance,  by  the  operation  called 
"  boning,**  which  consists  in  ranging  a  line  of  uniform  inclination 
from  two  given  points  in  it,  with  T-shaped  instruments  called 
"  boning-rods."  Each  of  these  consists  of  an  upright  staff,  having 
a  cross-bar  at  right  angles  to  it  at  the  top :  all  the  boning-rods 
belonging  to  one  set  ought  to  be  exactly  of  the  same  height  To 
range  or  "  bone"  the  bottom  of  a  cutting  with  them  from  two  given 
stakes,  two  of  the  rods  are  to  be  held  upright  on  the  heads  of  the 
two  stakes,  and  a  third  held  upright  at  any  point  in  the  cutting 
which  is  in  the  same  straight  line  with  the  stakes;  when,  if  the 
bottom  of  the  cutting  is  at  the  true  formation  level,  the  tops  of  the 
three  rods  will  be  in  one  straight  line.  In  this  manner  the  cutting 
is  carried  forward  at  an  uniform  rate  of  inclination,  until  the 
engineer  thinks  it  advisable  to  plant  a  new  pair  of  stakes  by  the 
level  and  staff  near  its  inner  end^  from  whidx  the  boning  goes  on 
as  before. 

70.    Ranginn    and    Settlng-ont    TnaneU. — The   centre    line  of  a 

tunnel  having  been  at  first  ranged  on  the  surface  of  the  ground,  in 
the  manner  already  described,  a  row  of  shafts  are  suzik  in  con- 
venient  positions  along  that  line. 

In  oitler  to  range  the  line  below  ground,  it  is  necessary  to  have 
two  marks  in  the  centre  line  at  the  bottom  of  each  shaft,  as  far 
asunder  as  possible,  to  enable  that  line  to  be  prolonged  from  the 
bottom  of  the  shaft  in  both  directions.  Those  marks  oonaist  of 
nails  or  spikes  driven  into  the  cross-timbers. 

The  former  practice  was  to  determine  the  positions  of  thoae 
marks  below  ground,  by  erecting  over  the  shaft  a  timber  fnme^ 
from  which  two  plumb-lines  were  suspended,  hanging  nearly  to  the 
bottom  of  the  shaft,  and  to  range  those  plumb-lines  by  the  transi 
instrument;  but  as  that  process  is  difficult  or  impossible  in  windy 
•weather,  Mr.  Simms  introduced  the  following  improved  method  :-^* 
The  engineer  ranges,  by  the  transit  instrument,  two  strong  afcftkai 
in  the  centre  line  above  ground,  each  about  sixteen  feet  from  tlM 
centre  of  the  abaft,  so  as  to  be  safe  from  disturbanoe  wfail#  tha 

^  Siouns  Om  Ptaeticai  TmmiteBk^. 
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work  is  ia  progress.  To  mark  the  exact  position  of  the  centre 
line,  each  stake  has  driven  into  its  head  a  spike,  with  an  eye 
through  its  top.  The  eye  of  each  spike  is  very  carefully  ranged 
in  the  exact  centre  line,  being  made  visible  to  the  observer  at  the 
instrament  by  holding  a  piece  of  white  paper  behind  it.  A  cord  is 
stretched  through  the  holes  in  the  spikes,  so  as  to  mark  the  course 
of  the  centre  line  across  the  mouth  of  the  shaft  At  each  side  of 
the  shaft  a  plank  is  laid,  at  right  angles  to  the  string,  and  with  its 
edge  overlumging  the  edge  of  the  shaft  two  or  three  inches,  so  that 
a  plumb-line  may  hang  from  it  clear  of  the  side  of  the  shaft  Two 
plumb-lines  are  then  hung  from  the  planks,  directly  under  the  cord 
that  marks  the  centre  line ;  and  the  lower  ends  of  those  plumb-lines 
show  two  points  in  the  centre  line  at  the  bottom  of  the  shaft 

The  approximate  ranging  of  the  "  heading"  or  "  drift,"  or  small 
horizontal  mine  that  connects  the  lower  ends  of  the  shafts,  is  per- 
formed by  means  of  candles,  each  hung  from  the  timber  framing  in 
a  sort  of  stirrup. 

The  accurate  ranging  of  the  centre  line,  after  the  heading  has 
been  made,  is  performed  by  stretching  a  cord  between  the  marks 
already  nmged  at  the  bottom  of  the  shaft,  and  fixing,  at  intervals 
of  thirty  or  forty  feet,  either  small  perforated  blocks  of  wood  carried 
by  cross-bars,  or  stakes  with  eyed  spikes  driven  into  their  heads, 
so  that  the  holes  in  the  blocks  or  spikes  shall  be  ranged  by  the  cord 
exactly  in  the  centre  Hne.  The  centre  line  of  any  part  of  the 
tunnel  can  then  be  marked  at  any  time  when  required,  by  stretching 
a  cord  through  two  of  those  holes.  The  cross-bars  are  fixed  in  a 
temporary  way  to  the  timber  framework  of  the  heading,  so  that 
tiiey  can  be  removed,  to  leave  a  free  passage  for  men  and  wagons; 
bat  their  places  are  so  marked  that  they  can  be  re-fixed  exactly  in 
their  proper  positions  at  any  time  when  it  is  required  to  range  part 
of  the  line. 

Curves  can  be  set-out  below  ground  by  means  of  a  theodolite  on 
a  short-legged  stand,  and  candles  or  lamps  instead  of  ranging-poles. 
In  this  case,  the  two  marks  at  the  bottom  of  a  shaft  indicate  the 
diieetion  of  a  tangent  to  the  curve  at  its  centre. 

When  the  line  of  shafts  does  not  follow  the  centre  line  of  the 
tnoiel,  but  a  line  parallel  to  it^  a  con-esponding  line  is  to  be  set-out 
ftioogh  the  headJLUg  at  the  bottom  of  the  shafts;  and  from  that  line 
the  centre  line,  or  any  given  part  of  the  tunnel,  can  be  set-out  by 
laying  down  offsets  in  transverse  headings. 

In  order  to  set-oui  the  levels  of  a  ttmnel,  there  should  be  a 
^^QMih  mark  above  ground,  as  described  in  Article  65,  p.  110,  near 
the  mouth  of  each  shaft  When  the  shaft  has  been  sunk,  and  lined 
^1^  timber  or  brickwork,  a  second  bench  mark  is  to  be  made 
^thia  the  sihaft,  and  near  its  top,  by  driving  into  the  timber  or 
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brickwork  a  horseshoe-shaped  staple  in  a  horizontal  positioii,  tb 
levelling-staff  being  held  on  its  upper  surface  in  taking  its  levd. 

Some  part  of  the  masonry  or  brickwork  of  the  intended  tunnel  u 
taken  as  a  standard  point  by  means  of  which  the  leveLs  of  other 
points  are  regulated:  for  example,  the  "invert-skew-back,"  or  joint 
"where  the  inverted  arch  forming  the  bottom  of  the  tunnel  meets 
the  sides.  That  joint  being  at  a  fixed  height  above  or  below  ihe 
rails  (generally  below),  its  depth  below  the  staple  is  to  be  calculated. 
That  depth  is  then  to  be  set-off  by  hanging  through  the  staple  a 
chain  of  rods  of  the  proper  length.  The  rods  used  by  Mr.  Simms 
are  connected  together  at  the  ends  by  eyes  and  spring-hooks :  the 
length  of  each  rod,  from  the  inside  of  the  eye  at  one  end  to  the 
inside  of  the  hook  at  the  other,  is  ten  feet  To  set-off  a  given 
depth  below  the  staple,  the  number  of  rods  to  be  linked  together  is 
one  more  than  the  number  of  entire  tens  of  feet  in  the  depth ;  the 
odd  feet  and  decimals  of  feet  ai^e  set-off  on  the  uppermost  rod  bj 
screwing  a  gland  upon  it  at  the  proper  point  The  chain  of  rods 
is  then  dropped  through  the  staple  until  the  gland,  resting  on  the 
staple,  prevents  them  from  passing  further,  and  supports  the  whole 
chain  ;  a  bench  mark,  consisting  oi  a  flat-sided  spike  driven  hori- 
zontally into  the  timbering,  or  of  a  stake  with  a  round-topped  spike 
in  its  head,  driven  vertiodly  into  the  ground,  is  then  adjusted  at 
the  bottom  of  the  shaft,  so  that  its  upper  surfieu^  is  exactly  on  a 
level  with  the  bottom  of  the  lowest  rod. 

The  staple  forms  a  permanent  bench  mark,  through  which  the 
rods  can  be  lowered  again,  whenever  it  is  necessary  to  make  a  new 
bench  mark  under  ground,  owing  to  disturbance  of  the  former 
bench  mark.  This  is  always  done  after  the  brickwork  has  been 
partly  built,  in  order  to  make  a  permanent  bench  mark,  by  driving 
a  flat  spike  into  the  side  of  the  tunnel. 

Further  remarks  on  setting-out  will  be  made  under  the  head  ci 
each  kind  of  work  for  which  peculiar  methods  are  required. 
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71.  I4iifii««  0€  tiM  Baitiect— ¥<i«jM«iiw— »— rfc—Marine  sur- 
T^  are  undertaken  for  pnrpoees  of  geogn^by  and  nayigation  am 
'wdl  u  for  those  of  engineering ;  but  the  present  chapter  has  referenco 
to  tile  last  of  those  purposes  only;  and  it  therefore  describes  the 
operations  of  marine  surveying  so  &r  only  as  they  are  required  in 
preparing  plans  for  engineering  works  in  navigable  waters. 

The  principal  objects  of  such  surveying  are  to  determine  and 
represent  on  a  plan  the  figure  of  the  bottom  of  the  sea,  or  other 
pieoe  of  water,  on  a  scale  suited  for  designing  engineering  works, 
ind  to  ascertain  the  materials  of  which  the  bottom  consLste,  the 
level,  rise  and  fall  of  the  surface  of  the  water,  and  the  direction 
4nd  speed  of  its  currents 

The  marine  survey  must  be  based  upon  a  survey  on  the  adjoin- 
ing land,  by  means  of  which  the  figure  of  the  coast  and  the  poai- 
ti(Mi8  of  a  sufficient  number  of  conspicuous  and  well-defined  objects 
near  the  coast  have  been  ascertained.  These  objects  are  the  land- 
wiarit,  by  observations  of  which  the  positions  of  points  on  the 
sorfiice  of  the  water  are  determined. 

Stations  afloat  can  be  marked  by  means  of  buoys,  carrying  poles 
and  vane& 

To  prevent  a  buoy  from  deviating  to  any  considerable  distance 
bom  a  position  directly  above  its  anchor,  the  mooring  cable,  which 
is  fixed  at  one  end  to  the  anchor,  passes  through  a  ring  called  ft 
"  thimble,"  attached  to  the  buoy,  and  has  a  weight  hung  to  the 
other  end. 

72.  itataM  Slid  ScMcli  Haiks  Ar  i.cv«la^— There  should  also  be 
a  daium-pomty  or  principal  bench  mark,  on  land,  to  which  the  le\'els 
are  referred,  and  a  sufficient  number  of  other  bench  marks,  whose 
elevations  relatively  to  the  principal  bench  marks  are  to  be  found 
hf  the  ordinary  process  of  levelling. 

For  nautical  purposes  the  dalua^surface,  relatively  to  which  the 
lereb  of  the  bottom  are  stated,  is  the  average  low-toater-mark  of 
tprmg  Hdet;  and  the  same  datum-smfaoe,  when  it  is  sensibly  hon* 
aontal,  will  answer  for  an  engineering  survey;  but  on  the  sea-coast^ 
when  the  survey  is  extensive,  and  in  the  cluuinels  of  rivers,  the 
low-water  of  spring  tides  is  not  a  horizontal  snrfiioe;  and  in  soA 


levels  for  engineering  purposes  must  be  reckoned  from  in 
htsizontiil  Burl'ttce,  as  in  sections  on  land. 
i»4aaBs«a>— The  successive  levels  of  the  surface  of  ths 
st  be  observed  and  recorded  from  time  to  time,  as  weU  for 
Q  importance  as  because  the  leveb  of  the  bottom  sic 
h1  by  sounding,  and  in  order  to  reduce  the  latter  levels  to 
n  datura  the  variations  of  the  level  of  the  surface  of  the 
ist  be  known. 
te-gauges  used  for  this  purpose,  when  of  the  simplest  kind, 

set  exactly  upright,  and  hai'ing  scales  of  feet  and  teuthi 
larked  upon  tiieni,  numbered  from  the  bottom  upwuda. 
it  be  fixed  and  stayed  in  such  a  manner  as  to  be  capable 
ig  the  waves.  Sometimes  the  whole  rise  and  fall  of  the 
given  place  may  be  observed  on  one  post;  but  in  general 

of  the  beach  makes  it  necessary  to  have  a  row  of  posts 
;  from  low-water-mark  to  high-water-mark,  and  forming, 
le  tide-gauge,  divided  into  several  stages  or  steps.  The 
ark  on  the  lowest  post  of  the  row  b  the  sero  of  the  tide- 
a  level  should  be  ascei-tained  relatively  to  the  nearest 
■rk  on  land  by  levelling.  It  will  form  the  commence- 
,  scale  of  feet  and  tenths,  numbered  upwarda     The  lowest 

the  second  post  must  be  made  at  a  point  adjusted  t^ 
to  the  same  level  with  the  highest  mark  on  the  first  post, 
ed  with  the  same  number,  and  so  on;  bo  that  the  marks 
tire  row  of  posts  may  form  one  continuous  scale  of  heights 
:  zero-mark. 

imber  of  different  tide-gauges  required,  and  the  places 
jy  are  to  be  erected,  will  be  fixed  by  the  engineer  to  the 
ia  judgment,  so  as  to  give  the  means  of  determining  the 
the  surface  of  the  water  at  any  given  instant.  They  most 
numerous,  the  more  the  surface  of  the  water  at  each 
iviates  from  a  horizontal  form.  Such  deviation  alwa;! 
river  channels;  and  in  them,  and  also  in  estuaries,  and  on 

its  exiat«nce  and  extent  are  indicated  by  differences  in 
of  high  and  low-water,  and  in  the  extent  of  rise  and  fall 
e.  Even  when  those  deviations  are  not  practically  appre- 
is  desirable  to  have  two  tide-gauges  at  points  distant  from 
T,  in  order  that  the  two  series  of  observations  may  check 


f  the  tide-gangee  should  be  trustworthy  and 
t  persona,  provided  with  watches,  which  should  be  com- 
Ty  day  wiui  that  of  the  principal  surveyor, 
e  pnrpose  of  reducing  soundings  only,  it  is  in  general 

to  observe  each  tide-gauge  at  each  quarter  of  an  hour. 

is  desired  also  to  ascertain  the  laws  of  the  tide  at  tha 
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locality,  it  is  better  to  observe  the  height  on  the  tide-gauge  at  each 
(en  minutes,  for  an  hour  before  and  an  hour  after  high  and  low- 
water,  and  at  each  half-hour  during  the  remainder  of  the  day. 

For  engineering  purposes,  the  tide-gaiiges  already  described, 
consisting  of  simple  posts,  are  in  general  sufficient;  because  when 
the  water  is  smooth  enough  to  take  accurate  soundings,  it  is 
mooth  enough  to  enable  the  observer  of  the  tide-gauge  to  estimate 
the  mean  level  between  the  crests  and  troughs  of  the  waves. 

When  more  exact  observations  are  required,  the  tide-gauge 
shoold  consist  of  an  upright  tube,  communicating  with  the  water 
outside  through  a  few  small  holes  only,  and  having  in  it  a  float 
with  a  graduated  upright  stem,  tall  enough  to  be  visible  above  the 
top  of  the  tube. 

In  a  self-roistering  tide-gauge,  such  a  float  acts  through  a  chain 
or  cord  on  a  train  of  mechanism,  and  moves  a  pencil  up  or  down, 
which  marks  a  line  on  a  paper-covered  cylinder  turned  by  clock- 
work    (Airy  Ow  Tides  and  Waves,) 

The  observations  at  the  tide-gauges  having  been  copied  from  the 
observers'  books  into  one  book,  are  to  be  reduced  to  the  datum  of 
the  survey  by  the  aid  of  the  known  levels  of  the  zero-marks  of  the 
tide-gauges  relatively  to  that  datum. 

The  mean  of  all  the  reduced  observations  of  the  tide-gauges  taken 
during  one  or  more  entire  "  lunations,"  or  revolutions  of  the  moon, 
gives  the  fMan  levd  of  the  sea,  which  is  a  truly  hoiizontal  sur- 
&oe. 

Further  remarks  on  the  tides  will  be  made  in  the  sequel. 

74.  Bgmiiatog  fltaiiom  afloat. — In  fig.  53,  let  D  represent  the 
position  at  a  given  instant  of  a  point  in  a  boat,  which  is  to  be 
determined. 

This  is  done  by  measuring 
with  the  sextant  in  the  boat 
the  angles  between  three  known 
objects  on  land,  A,  B,  C. 

To  diminish  or  prevent  the 
errors  that  wonld  arise  from  the 
boat's  shifting  its  position  while 
Um  angleB  are  being  measured, 
the  surveyor  should  have  three 
aextants,  if  possible,  with  which  pig.  68.  Fig.  64. 

he  should  take  the  angles  A  DB,   . 

B  D  0,  A  D  0,  in  rapid  succession,  reading  them  off  at  leisure 
afterwards.  The  angle  ADC,  which  should  be  the  sum  of  the 
other  two,  serves  as  a  check  upon  their  accuracy. 

Owe  should  be  taken  that  the  four  points,  A,  B,  C,  D,  do  not  lie 
m  or  near  the  circomferenoe  of  one  circle;  for  in  that  case  the 


□B  'would  leave  the  posttion  of  D  iadeterminate,  aa  ini 

beexplHined 

re  different  metbodB  of  plotting  the  pontion  of  D  on  tie 

>  I. — Btf  Too  inienecting  Cirda. — To  draw  ihroigh 
e,  OS  A  and  B,  fig.  5i,  s  circle  which  eball  contew 
Dgle;  that  ia  to  say,  a  circle  Buch  that  from  an;  pint 
lumference,  aa  H,  the  arc  A  B  shall  aubtend  on  bd^ 
equal  to  Uie  given  angle,  draw  through  A  and  B  the 
nes  A  O,  B  G,  making  witli  the  straight  line  A  fi  the 
^  Q,  A  B  G,  each  equal  to  the  complement  of  the  given 
J  intereection  of  those  lines  G  will  be  the  centre  of  the 

53  now  represent  the  plan,  and  A,  B,  C,  the  positions  of 
landmarifs  as  plotted  on  it;  through  A  and  B  diaw  s 
t&ining  the  ol»erved  angle  A  D  B;  through  B  and  C 
<?le  containing  the  observed  angle  B  D  C;  those  drcles 
ly  their  intersection  the  point  D  on  the  plan : — unless  thej 
ppen  to  coincide  witb  each  other  and  with  the  dotted 
i  C  E,  when  the  point  D  may  be  anywhere  in  that  dotted 
1  cannot  be  plotted  from  the  observations  taken.    Should 

■  the  dotted  circle,  the  two  intersecting  circles  will  cat 

■  at  too  acute  an  angle,  like  the  aides  of  an  ill-conditioned 
and  the  plotted  position  of  D  will  be  liable  to  inaccura^. 
0 II- — Sj/  tJie  inierseclion  of  a  Circle  and  a  Straight  Liiu. — 

From  A  draw  A  E,  making  the  angle  CAB 
=  C  D  B :  from  C  draw  C  E,  making  the 
angle  A  C  E  =  A  D  B,  and  cutting  A  £  in 
E:  through  the  three  points  A,  C,  E,  describe 
a  circle:  through  E  and  B  draw  a  straight 
,  line  cutting  the  circle  in  D;  D  will  be  the 
required  [wint  on  the  plan. 

The  two  preceding  methods  are  both  too 
tedious  for  ordinaiy  nse,  and  the  two  foUow- 
.  •Ill,  iog  are  almost  always  employed  instead. 

D IIL — By  a  Piece  ofTracmg-papw.—Ca  a  piece  of  traoi^ 
w  three  straight  lines  radiating  from  one  point  so  as  to 
1  each  other  angles  equal  to  A  D  B  and  B  D  C.  Iaj  it 
.n,  and  shift  it  about  till  the  three  lines  traverse  A,  B,  and 
vely;  tlie  point  from  which  they  diverge  being  pricked 
n  tJie  plan,  will  give  the  position  of  D. 
a  lY. — By  Ihe  Statvm-jxnntar. — ^This  is  an  instrameot 
of  three  long  flat  arms  turning  about  one  centre,  and 
raight  fiducial  fAgea  diverging  from  that  cento«.  fixed 
Idle  arm  b  a  graduated  circular  arc,  and  fixed  to  tlie  sida 
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■mil,  two  indexes  with  verniers,  by  means  of  which  those  arms  can 
be  set  so  as  to  make  any  required  pair  of  angles  with  the  middle 
arm.  The  arms  being  set  so  as  to  form  the  angles  A  D  B,  B  D  C, 
the  iiutrunent  is  laid  on  the  plan  and  shifted  about  until  the 
three  fiducial  edges  traverse  the  points  representing  the  three  land- 
marks respectively.  The  centre  of  the  instrument  will  then  be 
over  the  required  point  D,  which  is  marked  by  means  of  a  pricker 
that  passes  through  a  hole  in  the  centre  of  the  instrument;  or 
otherwiae,  three  pencil  lines  may  be  drawn  along  the  fiducial  edges 
of  the  arms,  and  produced  after  the  instrument  has  been  lifted 
off  the  paper;  when  their  intersection  will  give  the  required 
point 

Three  landmarks  are  all  that  are  absolutely  necessary  to 
determine  the  position  of  a  station  afloat ;  but  when  the  station  is 
an  important  one,  the  surveyor,  for  the  purpose  of  verification, 
ahould  measure  angles  to  additional  known  objects.* 

Where  a  sufficient  number  of  objects  on  land  are  not  visible,  the 
positions  of  stations  afloat  may  be  determined  by  taking  angles  to 
previously  determined  stations  afloat  which  are  marked  by  buoys, 
or  at  which  boats  with  flags  are  moored ;  but  this  method  is  want- 
ing in  precision,  and  objects  on  land  are  always  to  be  preferred 
when  they  can  be  seen. 

75,  <i»«iMiiMg»  aad  licreb. — The  instrument  generally  employed 
for  taking  soundings  for  nautical  purposes  is  the  lead-line,  a  tough, 
hard,  and  flexible  cord,  loaded  with  a  conical  lead  weight,  and 
divided  into  fathoms.  For  engineering  purposes,  where  the  depth 
does  not  exceed  about  100  feet,  a  chain  is  used.  In  shallow  water, 
the  best  instrument  is  a  rod,  divided  into  feet  and  tenths,  and  loaded 
at  the  lower  end. 

The  sounding-lead  is  "  armed"  with  a  lump  of  tallow  in  a  hollow 
at  its  lower  end,  by  which,  when  the  material  of  the  bottom  is 
loose,  specimens  of  it  are  brought  up.  When  the  material  is  of  a 
firmer  texture,  a  specimen  may  be  brought  up  by  dropping  a  heavy 
iron  pike,  jagged  and  barbed  at  the  lower  end,  called  a  "  plunger," 
and  hauling  it  up  again  by  a  rope;  or  the  nature  of  the  bottom 

*  The  disttDoes  of  tbe  station  from  two  of  the  landmarks  might  he  calcnlated  hy 
the  nlei  of  phme  trigonometiy  and  plotted;  hnt  tbe  process  is  too  tedious  for  ordinary 
MS.    Tbe  following  are  the  steps  of  which  it  consists  (see  flg.  55)  :— 

Id  the  triangle  A  E  C,  given  A  C,  and  tbe  angles  £  A  C  (=  B  D  C)  and  A  C  B 
(s  A  D  B),  calcDlato  A  £  and  C  E. 

In  tbe  triangle  ABE,  given  AB,  A£,and.i::.BA£(3BDG  —  BAG), 
iriadate  .it^  A  E  B. 

lo  tbe  triangle  BEG,  given  B  G,  G  E,  and  ^^  B  G  £  (=  A  D  B  ^  B  G  A> 
cdndate  <^i.  B  E  G. 

lo  the  triangle  A  D  E,  given  A  £  and  the  angles,  calculate  A  D. 

In  the  triangle  DEO,  given  G  E  and  the  anglea,  calcnlate  G  D. 
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may  be  ascertained  by  boring,  or  by  diving— operations  wbicb  wOl 
be  again  referred  to  further  on. 

,  Soundings  for  nautical  purposes  are  noted,  and  written  on  the 
plan,  in  ^thorns  of  six  feet,  and  half  and  quarter  fathoms ;  those 
for  engineering  purposes,  in  feet  and  decimals,  or  feet  and  inches. 

The  levels  of  the  bottom  are  ascertained  by  taking  seveiul  series  of 
soundings  along  straight  lines,  in  such  positions  as  the  engineer 
judges  to  be  best.  In  general,  the  position  of  those  lines  is  nearly 
that  of  the  lines  of  steepest  declivity  of  the  bottom,  and  nearly  at 
right  angles  to  the  coast 

As  each  sounding  is  taken,  the  surveyor  notes  the  time,  the 
depth,  and  the  position. 

The  following  are  two  methods  of  determining  the  positions  of 
soundings : — 

Method  L — By  a  Series  of  Angles. — In  fig.  56,  A  and  B  repre- 
sent two  known  objects,  in  a  straight  line  with  which 
a  set  of  soundings  are  to  be  taken;  C  is  a  third 
known  object  lying  at  a  sufficient  distance  to  one  side 
of  the  line  A  B.  The  boat  is  rowed  along  the  straight 
line  B  E,  either  directly  towards  or  directly  from  E 
The  surveyor  sees  that  the  boatmen  keep  B  and  A 
exactly  in  one  straight  line;  and  the  instant  that 
each  sounding  is  taken,  he  measures  with  a  sextant 
the  angle  which  the  direction  of  G  makes  with  the 
^-  line.     For  example,  if  1,  2, 3,  4,  &c.,  are  points  whe« 

^*  soundings  are  taken,  the  angles  to  be  measured  at 

those  points  are  B  1  0,  B  2  0,  B  3  C,  B  4  0,  <Sba  The  position  of 
C  should  be  so  chosen  that  the  most  acute  of  those  angles  may  be 
30°  or  somewhat  greater. 

To  plot  the  positions  found  by  this  method,  draw  through  0  on 
the  plan  the  straight  line  F  C  D  parallel  to  A  B  £,  and  lay  off  the 
angles  D  0  1  =  B  1  C,  D  C  2  =  B  2  C,  &a :  the  intersections  of 
the  lines  C  1,  0  2,  dec,  with  B  £,  will  give  the  points  required 

Method  IL — By  tiooStcUumscmd  an  uniform  speed  cf  Bowing, — 
In  Fig.  57,  A  represents  a  known  object  on  which  the  line  of 

soundings  is  to  run.  The  surveyor  determines 
the  position  of  (B  or  C)  the  commencement  of  the 
line  by  three  angles  taken  between  known  objects; 
the  rowera  then  row  as  steadily  as  possible  at  an 
uniform  speed  in  a  straight  Ime  directly  from  or 
directly  towards  A.  Soundings  are  taken  at  equal 
intervals  of  time;  and  when  the  line  has  been 
carried  far  enough,  the  surveyor  determines  the 
ct'  position  of  its  termination  (C  or  B)  by  three  angles 

Fig.  67.  taken  between  known  objects. 
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In  plotting  a  line  of  sonndings  so  taken,  its  two  ends  B  and  0- 
are  laid  down  bj  means  of  the  station-pointer :  the  straight  line 
B  C  is  drawn,  and  divided  into  as  many  equal  parts  as  there  were 
eqml  intervals  of  time  between  the  soundings  from  the  beginning 
to  the  end  of  the  line;  and  thus  the  intermediate  points,  1,  2,  3, 
&c.f  are  found. 

A  line  of  soundings  may  often  be  conveniently  prolonged  on  the 
higher  parts  of  the  beach  by  ordinary  levelling.  In  £B«t,  levelling 
ahould  be  used  wherever  it  is  practicable,  being  the  more  aocumte 
operation. 

76.  The  Medmetimm  •£  8««iidiacs  to  the  datum  of  the  survey  is 
made  by  taking  the  difference  between  each  sounding  and  the  height 
of  the  water  above  that  datum  at  the  instant  when  the  sounding 
ms  taken,  as  found  by  examination  of  or  interpolation  in  the 
register  of  the  tides.  If  the  sounding  is  the  greater,  that  difference 
IB  a  depth  below  the  datum, — if  the  less,  a  height  above  the  datum. 
(As  to  what  that  datum  is,  see  Article  71).  When  the  datum  is 
the  mean  low- water-level  of  spring  tides,  tne  latter  class  of  reduced 
Boondings  are  said  to  be  dry,  and  are  distinguished  in  the  register 
and  on  the  plan  by  a  score  beneath  the  figurea 

To  reduce  soundings  by  calculation,  in  the  absence  of  direct 
oheerrations  of  the  tide,  it  is  necessary  to  know  the  rise  of  the  tide 
above  the  mean  water-level,  and  the  time  of  high- water,  for  the  tide 
during  which  the  soundings  were  made,  and  the  duration  of  that 
tide,  or  interval  of  time  between  high-water  and  low-water  (which 
on  an  average  is  about  six  hours  twelve  minutes,  but  varies  con« 
nderably  at  different  times  and  places). 

Let  H  be  the  height  of  the  mean  water-level  above  the  datum : — 

r,  the  rise  of  the  tide  above  the  mean  water-level; 

B,  the  duration  of  the  tide; 

t,  the  time  before  or  after  high-water  at  which  a  given  sounding 
ii  taken; 

Kj  the  height  of  the  surface  of  the  water  above  the  datum  at  that 
instant^  being  the  quantity  to  be  subtracted  from  the  sounding. 

Then  A^H  +  r -coslSO^^; (1.) 

in  using  which  formula  it  is  to  be  remembered  that  easineB  oj 
o&toM  angU»  cure  neffcUive, 

77.  lilacs  •r  B4««i  Depth  are  analogous  to  contour-lines  on  land 
(see  pi  95),  being  contour-lines  of  the  bottom  of  the  sea  sketched  on 
the  plan  so  as  to  pass  through  those  points  where  the  reduced 
aoondings  are  equal  It  is  customary  to  mark  the  line  of  one 
f<Uhom  soundings  by  single  dots,  of  two  fathoms  by  dots  in  pain^ 
<tf  three  fiithoms  by  dots  in  triplets^  and  so  on. 
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The  Hif^  and  JL«fr-waier^nrarfc«  of  average  spring  tides,  whidi 
should  be  drawn  on  the  plan,  are  also  analogous  to  contour-lines. 

78.  c«rr«itt»— urarca. — ^The  directions  and  velocities  of  tidil 
currents  should  be  noted  by  the  surveyor,  and  marked  on  the  pkn 
by  arrows;  each  arrow  having  figures  beside  it  denoting  the  speed 
of  the  current  in  nautical  mUes  an  hour,  and  the  time  after  tbe 
moon's  transit  at  which  it  prevails.  Flood-currents  are  denoted  bj 
feathered  arrows^  ebb-currents  by  unfeathered  arrowa 

The  direction  of  the  current  which  runs  past  a  moored  vessel 
may  be  ascertained  by  dropping  some  floating  body  into  it^  and 
observing  the  angle  which  the  direction  of  motion  of  that  body 
makes  with  the  direction  of  some  known  object.  The  velocity  may 
be  found  by  means  of  Massey's  Log,  an  instrument  in  whidi  the 
rotations  of  a  fan  driven  by  the  current  are  registered  by  wheel-work. 

The  direction  and  velocity  of  a  current  may  also  be  detennined 
by  setting  a  light  deal  pole,  having  a  weight  at  the  lower  end,  to 
float  upright  in  it,  and  taking  simultaneous  angles  to  that  object 
fix)m  two  known  stations.  This  must  be  done  by  two  observers, 
who  should  take  special  care  to  make  their  angular  measurements 
exactly  at  the  same  instants  of  time. 

The  usual  directions  and  velocities  of  waves  should  be  ascertained 
and  noted,  and  also  the  greatest  height  from  the  crest  to  the  trough 
of  a  wave. 

79.  iiii«ceiiaaeoM  infMvuiUoa  mn  Pi«a.^Besides  the  soundings, 
levels,  currents,  and  other  information  already  mentioned,  the  pkn 
of  a  marine  survey  for  engineering  purposes  should  show  at  different 
points  the  material  of  the  bottom,  by  such  abbreviations  as  r.  for 
rock,  8t,  for  stones,  8.  for  sand,  m.  for  mud,  &c.,  and  by  references 
to  borings  and  examinations  by  diving,  where  such  have  been 
made.  It  should  also  show  all  lighthouses,  beacons,  buoys,  fixed 
moorings,  <kc. 

80.  Taking  AlHtndcs  by  Ae  Sezttint— INp  •€  the  Harismi^— When 
the  altitude  of  an  object  is  taken  at  sea  by  measuring  with  a  sex- 
tant its  angular  elevation  above  the  visible  sea-horizon,  a  correction 
must  be  made  by  subtracting  the  dip  of  that  horizon — that  is,  its 
apparent  angular  depression  below  a  truly  horizontal  line  traversLog 
the  eye  of  the  observer.  The  amount  of  that  depression  is  un- 
certain, owing  to  the  variable  refractive  power  of  the  atmosphere; 
but  on  an  average,  it  is  given  approximately  by  the  foUowing 
formula,  in  which  h  denotes  the  height  of  the  observer's  eye  above 
the  sea,  and  r  the  radius  of  curvature  of  the  surface  of  the  sea^ 


Dip  in  seconds  =  j^  x  206264"- 8 'y/ 


2A 

r 


57''-4  ^/ /tin  feet  (1.) 
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CHAPTER  YIL 

OF  OOPTEBCO,  ENULBGINO,  AND  BEDUCING  PLASTSL 

81.  TiadMs  upon  a  sheet  of  thin  semi-transparent  paper,  laid 
■Boothlj'  on  the  original  drawing,  is  the  most  accnrate  method  of 
oblaming  a  copy  of  a  plan  on  the  same  scale  with  the  original 
Bj  uabg  a  drawing  table  made  of  strong  plate-glass,  called  the 
''CDpTing-glajBS,"  with  a  sloping  mirror  below,  if  necessary,  to 
reflect  light  through  it,  a  tracing  may  be  made  on  drawing  paper 
of  ordinaiy  thickness^  provided  the  original  is  not  mounted  on 
ek>tL 

When  a  tracing  has  been  made  on  thin  paper,  other  copies  can 
be  made  on  thick  paper  by  rubbing  the  lower  side  of  the  tracing 
nith  bkck-lead,  or  putting  a  sheet  of  black-leaded  paper  below  it, 
laying  it  on  the  thick  paper,  and  passing  a  smooth  pointed  instru- 
ment along  all  the  outlines  of  the  tracing.  The  new  copy  has  then 
to  be  drawn  in  ink  and  finished. 

Piiditeg  Thrmmfflt  is  applicable  to  plans  in  which  the  out- 
lines conidst  chiefly  of  straight  lines,  and  damage  to  the  original 
plan  is  unimportant. 

S2,  KagniTtaSt  IJlli«gi«Fhinc»  and  Prinllagr— When  apian    is  to 

be  engFaved  on  copper,  a  tracing  of  it  is  placed  on  the  copper  plate, 
face  downwards,  and  the  outlines  scratched  on  the  copper  with  a 
point  which  cuts  through  the  tracing.  The  impressions  from  copper 
plates,  being  printed  on  damp  paper,  shrink  when  they  dry,  to  an 
extent  which  varies  from  l-400th  to  l-200th  of  the  original  dimen- 
sions. All  measurements,  therefore,  on  printed  plans  should  be 
made  by  means  of  the  scale  engraved  along  with  the  plan,  and 
every  sheet  should  have  a  scale  upon  it^  The  shrinking  is  some- 
times slightly  different  lengthwise  and  breadthwise.  As  to  the 
effect  of  Uiis  on  sections,  see  Article  54,  p.  90. 

Where  great  accuracy  is  required  in  engraved  plans  (as  in  those 
of  the  or^ianoe  survey),  the  principal  stations  are  plotted  an  the 
oopper,  and  the  details  only  laid  down  on  it  by  tracing. 

in  lithographing  plans,  the  usual  process  is  to  make  a  copy 
on  "transfer  paper"  by  iJie  aid  of  a  tracing  on  thin  paper,  as 
>l<^y  described  in  the  preceding  Article.  The  copy  so  made  is 
diawn  and  finished  with  lithographic  ink,  laid  face  downwards  on 
a  stone,  and  transferred  to  the  stone  by  the  pi-oper  process.     The 
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'  paper  being  damp  during  that  process,  expands  to  a  oertain 
so  that  the  di-awing  on  the  stone  is  somewhat  larger  than 
jinalj  and  this  expansion  is  to  a  certain  extent  counteracted 
hrinking  of  the  paper  on  which  the  impressions  are  prinW; 
the  impressions  naj  be  stightl;  lai^^  or  smaller  tjian  ths 
.  in  a  proportion  which  it  is  difficult  to  assign  with  pred- 
lS  with  engraved  plans,  each  sheet  should  have  its  own  scalf^ 
us  of  whi(£  all  measurements  upon  it  should  be  inad& 
tetmciiiK  DrawiDi^  by  iiBiid  Is  performed,  in  the  caae  of 
ly  forming  triangles  to  connect  the  stations  and  other  prin- 
lints  on  the  original,  measuring  their  sides,  and  plotting 
n  a  smaller  scale  on  the  reduced  plan.  The  details  may  be 
.  hy  covering  the  original  with  a  network  of  squares,  and 
uced  copy  with  a  network  of  squares  having  their  aides 

than  those  of  the  original  squares  in  the  proportion  io 
;be  plan  is  to  be  reduced,  and  sketching  the  details  on  Uie 

copy  in  their  proper  places  by  the  aid  of  those  squares  to 
le  eye  and  hand. 

le  caae  of  sections,  reducing  by  hand  is  best  performed  by 
;  the  section  anew  on  the  smaller  scale. 

ledaelac  DrBwla|a  hj  nechHiiiH  is  performed  by  means  of 
lents  called  tfae  "  Pantograph  "  and  the  "  Eidograph."  Is 
those  instruments  a  tracing-point  is  made  to  travel  over  the 
I  of  the  original  drawing;  a  pencil  is  so  connected  with  the 
point  that  it  ia  always  in  a  straight  tine  with  the  tiacii^ 
nd  with  a  fixed  centre,  and  always  at  a  distance  from  that 
>earing  a  given  constant  ratio  t«  the  distance  of  the  tracing- 
om  that  centre;  and  that  pencil  draws  the  outlines  of  a 
the  drawing  reduced  in  the  given  ratio. 
58  is  a  skeleton  sketch  of  the  pAHtoosAPH.  F  D,  D  B, 
d  Q  0  are  four  flat  bars,  jointed  to  each  other  at  E,  D,  C^ 
^  and  Q,  so  that  OE  =  £  D  =  D  C^C  Q,  and  the 

^  figure  Q  E  D  C  in  always  an  exact  rhombus,  iti 

\  oppoaito  sides  beingparallel,  and  all  of  them  equal 

\  Those  bars  are  supported  by  ivory  castors,  whiA 

)\  run  on  the  paper  or  on  the  drawing-board.  T  ii 
i  /  \  the  tracing  point  A.  is  the  fixed  centre,  having 
s  "  '  i  *  heavy  foot,  which  rests  on  the  paper  or  Uie 
^  *  diawing-board.      On    ita  vertical    spindle  tuns 

^  a  socket  through   which   the  bar  £  O  can  be 

any  required  position,  and  fixed  tliere  by  a  damp-ecraw. 
quaxe  socket,  sliding  os  the  bar  D  F,  on  which  it  can  te 
I  any  required  position;  the  pencil  is  carried  by  it  Tlw 
s  loaded  on  the  tt^  with  weights,  which  press  its  pcml 
the  paper;  H  can  be  lifted  off  tlie  pi^cr  when  reqi^ittd  bf 


r 
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polling  a  string.  The  dotted  line  PAT  represents  the  imaginaiy 
tfcnigbt  line  in  vhich  the  pencil,  the  centre,  and  the  tracing  point 
OQght  to  be  situated.  The  bars  G  £  and  £  F  have  scales  marked 
on  them,  showing  the  proper  positions  of  the  sliders  for  reducing 
diawings  in  varions  proportiona  Let  1  :  n  be  the  proportion  in 
vhich  the  plan  is  to  be  reduced;  so  that — 

n  :  1  :  :  T  A  :  AP; (1.) 

ihen 

»  :  1  :  :  D£  :  £  P; (2.) 

md 

n+l  :1  :  :DT  :  EA (3.) 

The  gM>ypii  18  represented  hj  the  skeleton  sketch,  fig.  69. 
A  is  its  fixed  centre,  vith  a  heavy  leaden  footb  On  the  spindle 
cf  this  centare  turns  a  square  socket,  through  which  slides  the 
htr  D  £,  which  can  be  clamped  in  any  required  position.  At  the 
ends  of  that  bar  are  two  pulleys,  D  and  E,  exactly  equal  in 
diameter,  and  connected  by  means  of  a  p 

tiiin  steel  belt.     F  and  G  are  screws  for  _/V^  t 

adJQstiDg  the  lengths  of  the  two  divisions  °0^G3!r 
of  that  belt,  so  as  to  make  the  rods  B  P  /  \  & 
and  T  C  exactly  paralleL     These  rods  slide      /  ' 

through  square    sockets    carried    by    the  A/ 
poUeya,  and  having  clamp-screws.     T  is  the  "^ 

touang-point,  P  the  pencil,  and  T  A  P  the  ^«*  ^^• 

imaginary  straight  line  in  which  the  pencil,  centre,  and  tracing-point 
■hoold  always  be. 

Let  I :  n  as  before  be  the  ratio  of  reduction;  then  the  proper 
positbtts  of  the  sockets  are  given  by  the  formulse^ — 

»:1::AE:AD;£T  =  AE;  DP=AD....  (4.) 

Each  bar  has  a  scale  of  200  equal  parts  on  it,  with  0  marked  at 
the  middle  of  its  length,  and  numbered  to  100  each  way.  These 
Kales  are  subdivided  by  the  aid  of  verniers  on  the  sockets. 
When  the  instrument  is  correctly  adjusted,  each  socket  is  at  the 
■use  distance  from  the  middle  of  its  bar;  and  that  distance,  in 
diriaions  of  the  scale,  is  found  by  the  following  formula : — 

m^lOO.  ^5^ (5.) 

n+  1  ^   ' 

The  best  test  of  the  accuracy  of  the  adjustments  of  the  Panto- 
Mh  and  SSdograph  is  to  draw  the  tracing-point  T  for  a  certain 
Wmce  along  the  edge  <^a  flat  straight-e^ed  ruler;  when  the 
l^ol  F  ought  to  draw  an  exactly  straight  line,  of  a  length  bearing 
^  proper  proportion  to  the  length  of  &  original  linfi» 
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85.  Biibufsiafi  Piaaa  may  be  performed  by  hand,  in  the  aame 
manner  with  reducing;  and  with  the  Pantograph  or  Eidograph,  bj 
adjuBting  either  of  those  instruments  so  that  the  pencil  shall  be 
further  iix>m  the  centre  than  the  tracing-point  is.  This,  however^ 
is  an  operation  which  is  not  capable  of  accuracy,  except  when  the 
ratio  of  enlargement  does  not  much  exceed  that  of  equsdity. 

86.  RedHciBc  Drawings  hj  Phmimgntphj  IS  the  method  employed 
in  reducing  the  large  plans  of  the  ordnance  survey,  drawn  on  a 

scale  of  TrETTTTi  to  the  scale  of  six  inches  to  a  mile.     The  details  of 
2oU0 

the  plans  so  reduced  are  afterwards  traced  on  the  copper  plates,  on 

which  the  stations  have  been  previously  plotted  by  the  lengths  of 

the  sides  of  the  triangles.     A  process  of  transferring  the  reduced 

outlines  to  copper,  zinc,  or  stone,  without  tracing,  has  lately  been 

introduced.      See   the  Report  on  the   Progress  of  the  Ordnanc$ 

Survey,  by  Colonel  Sir  Henry  James,  RE. 


SUPPLEHENT  TO  CHAPTER  III.,   ARTICLE  4Q» 

86  A.  Bcdnctlon  of  Angles  f  the  Centre  •f  the  Station. — ^It  some- 
times happens  that  the  theodolite  cannot  be  planted  exactly  at  a 

station  in  a  trigonometrical  survey;  but 
has  to  be  placed  at  a  short  distance  to 
one  side  of  it.  In  such  cases,  the  angle 
actually  measured  between  two  objects  is 
reduced  to  the  angle  which  would  have 
been  measured,  had  the  theodolite  been 
exactly  at  the  station,  by  a   correction 

33^  which  is  calculated  approximately  as  fol- 

Fig.  69  A.  \q^^  . — 

In  fig.  59  A,  let  C  be  the  station,  D  the  pasition  of  the  theodolite, 
A  and  B  two  objects;  A  D  B  the  horizontal  angle  between  them 
as  measured  at  D;  A  C  B  the  required  horizontal  angle  at  the 
station  C. 

Measure  C  D,  and  the  angle  ADC;  calculate  A  C  and  0  B 
approximately  as  if  A  C  B  were  equal  to  A  D  B;  then 

ACB  =  ADB  — 206264''.8  CD  I — j^ r— — \  .(I.) 

The  above  formula  gives  the  correction  in  seconds  when  D  lies 
to  the  right  of  both  C  A  and  C  B.  When  it  lies  to  the  left  of 
OB,  sin  B  D  C  changes  its  sign;  when  to  the  left  of  0  A,  sin 
ADC  changes  its  sign. 
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SUPFLEMEHT  TO  ChAFFEB  III.,  AbTICLE  42^1  DlYISIOK  lY., 

Page  73. 


86  &  inr— Mifi  ReimctioB. — The  refracting  action  of  the 
ttmosphere  causes  the  altitudes  of  the  stars  to  appear  greater  than 
they  i€a]ly  are.  The  correction  for  refraction,  therefore,  is  always 
to  be  sabtracted  frt)m  an  altitude.  Its  value  may  be  found  in 
Mooods  approximate^  hj  the  following  formula : — 

Befraddon  =  58"  x  cotan  apparent  altitude. 

For  more  exact  information  on  the  subject,  see  a  paper  by  the 
Bey.  Dr.  Eobinson  in  the  Trcmactctions  of  the  Roy(d  Irish  Aoaidemy, 
Tol.  xix.  Tables  of  Refraction  are  given  in  treatises  on  Navigation, 
nich  as  Baper's. 

'It  is  to  be  borne  in  mind,  that  below  about  8^  or  10^  of  altitude 
the  changeable  condition  of  the  atmosphere  makes  the  correction 
for  refraction  very  uncertain. 

86.  a    To  flad  the  JjtMtm4»  of  a  Place* 

Method  I. — By  the  Mean  AUUude  of  a  Circumpolar  Star, — Take 
the  altitudes  of  a  circumpolar  star  at  its  upper  and  lower  culmination 
(which  poflitiona  are  known  by  watching  for  the  instants  when  the 
aitatade  is  greatest  and  least).  From  each  of  those  apparent  alti- 
tudes subtract  the  correction  for  refraction;  the  mean  of  the  true 
altitudes  thus  found  is  the  latitude  of  the  place. 

Method  II. — By  One  Aferidian  AUitude  of  a  Star. — Observe  the 
meridian  altitude  of  a  star  by  watching  for  the  instant  when  its 
altitude  is  greatest  or  leasts  and  subtract  the  corrections  for 
refraction,  and  also  for  dip,  if  necessary.  The  complement  of  the 
tme  altitude  is  the  zerdth  distance.  Find  the  declination  of  the 
star  from  the  Nautical  Ahnanae  (which  is  published  four  years  in 
■dFanca}* 

Then  if  the  star  is  between  the  zenith  and  the  equator, 

Latitude  =  Zenith  distance  +  Declination; (1.) 

If  the  star  is  between  the  equator  and  the  horizon, 

Latitude  =  Zenith  distance —  Declination; (2.) 

If  the  star  is  between  the  zenith  and  the  elevated  pole, 

Latitude  =  Declination  —  Zenith  distance; (3.) 

*  The  dedinatioiu  of  a  few  stan  an  given  at  p.  78. 

K 
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If  the  star  is  between  the  eleyated  pole  and  the  hoiizon. 

Latitude  =  180^  —  Declination  -—  Zenith  distance. ... (4) 

Method  III. — By  the  Sun* a  Meridian  AUiiiide. — In  this  method 
the  final  calculation,  from  the  sun's  declination,  aa  found  in  the 
Na/utical  Almanac,  and  the  true  altitude  of  his  centre,  is  the  same 
as  in  Method  XL  But  besides  the  correction  for  refraction  and 
dip,  the  altitude  requires  to  be  further  corrected  by  subtracting  or 
adding  the  sun's  semidiameter,  according  as  his  upper  or  lower 
limb  has  been  observed,  and  by  adding  the  sun's  parallax,  being 
the  angle  subtended  at  the  sun  by  the  distance  between  the  earth's 
centre  and  the  place  of  observation. 

To  find  the  correction  for  parallax,  find  the  sun's  horizontal 
parallax  on  the  day  of  observation,  from  the  Nautioal  Aknanac,  and 
multiply  it  by  the  cosine  of  the  altitude  of  the  sun's  centre. 

Srhe  mean  value  of  the  sun's  horizontal  parallax  is  about  8**6). 
he  sun's  semidiameter  on  the  day  of  observation  is  to  be  found 
in  the  Nautical  Ahrrumac     It  varies  from  15'  46"  to  16'  18'. 
The  calculation  may  be  thus  set  down  algebraically — 

(  True  altitude  =  apparent  altitude  —  Dip  (if  the  sea- 
<      horizon  has  been  observed)      - 
(     semidiameter  +  paraUax;. 

Zenith  distance  =  90*^  —  true  altitude^ (6.) 

Latitude  (see  Equations  1,  2,  3,  4). 

Equations  1  and  2  are  the  most  frequently  applicable  to  the  son. 
Equation  3  is  occasionally  applicable  between  the  tropics;  and 
Equation  4  relates  to  observations  made  at  midnight,  in  summer,  in 
the  polar  regions. 

86  D.   E.lai  of  Aalliorliies  on  EngUtecrlog  Geodesy  oad  So^ecta  cea- 

nccted  wiiii  It. — Butler  Williams's  Practical  Geodesy;  Bruff  (h 
Sttrveying;  Castle  On  Surveying;  HaskoU's  Engineering  Fidd- 
Work ;  HaskoU  On  Railway  Construction ;  Simms  On  Mathemaikd 
Instruments;  Simms  On  Levelling;  Simms's  Practical  Tunndling; 
Sir  Edward  Belcher  On  Marine  Surveying;  Admiralty  Manual  of 
Scientific  Inquiry,  Article  "Hydrography;"  Raper's  Navigation; 
De  Morgan's  Trigonometry ;  Aiiy's  Trigonometry,  edited  by  Fko- 
fessor  Blackburn. 


•{      horizon  has  been  observed)  —  Refraction  =±:  sun's  >  (5.) 
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OF  MATERIALS  AND  STBUCTUREa 


CHAPTER  L 

IDIDQBT  OF  FBINCIPLBS  OF  STABILITT  XS(D  8TBBNQTH. 

SacnoK  L — Of  SVrwiwrea  in  GenaraL 


W.  A  smccare  consists  of  portions  of  solid  materials,  put  to- 
getlier  so  as  to  preserve  a  definite  form  and  arrangement  of  parts, 
ttd  to  withstand  external  forces  tending  to  disturb  such  form  and 
arrangemeat  As  the  parts  of  a  structure  are  intended  to  remain 
^  rest  relatiYelj  to  each  other,  the  forces  which  act  on  the  whole 
stractare,  and  on  each  of  its  parts,  should  be  balcmced,  so  that  the 
mechaiuod  principles  on  which  the  permanence  and  efficiency  of 
^ctores  depend  for  the  most  part  belong  to  Statics,  or  the 
sdence  of  balanced  forces. 

The  nuUencUs  of  a  structure  may  be  more  or  less  stiff,  like  stone, 
timber,  and  metals,  or  loose,  like  earth. 

The  ensuing  chapters  of  this  part  will  be  divided  according  to 
the  materials  of  which  the  structures  they  treat  of  consist.  In  the 
pKBent  chapter  are  given  a  summary  of  mechanical  principles  appli- 
<^Ie  to  all  stnicture&  Many  passages  in  it  are  extracted  from  a 
previous  Treatise  on  Applied  Mechanics,  and  abridged  or  amplified 
as  may  be  required,  in  order  to  suit  the  purpose  of  the  present 
Treatisei  Such  passages  are  indicated  by  the  letters  A.  M.,  with  a 
xeferoice  to  the  number  of  the  corresponding  Article  in  that 
work 

87a.  Piece*— Jr«fala—8«PFOTI»—Fomdatlon«.     {A,  if.,  129, 130). — 

A  strnctore  oonsists  of  two  or  more  solid  bodies,  called  its  pieces, 
which  touch  each  other  and  are  connected  at  portions  of  their 
"Qi&oes  called  joirUa.  This  statement  may  appear  to  be  applicable  to 
a^ctures  of  stiff  materials  only;  but,  nevertheless,  it  comprehends 
^awco  of  earth  also,  if  they  are  considered  as  consisting  of  a  veiy 
great  number  of  very  small  pieces,  touching  each  other  at  innumer- 
•Uejoints. 
Although  the  pieces  of  a  structure  are  fixed  relatirely  to  each 
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other,  the  sitracture  as  a  whole  may  be  either  fixed  or  moTeablo 
irelativelj  to  the  earth. 

A  fixed  structure  is  supported  on  a  part  of  the  solid  material  of 
the  earthy  called  theybunc^ton  of  the  structure;  the  pressures  bj 
which  the  structure  is  supported,  being  the  resistanoes  of  the 
various  parts  of  the  foundation,  may  be  more  or  less  oblique. 

A  moveable  structure  may  be  supported,  as  a  ship,  by  floating  in 
water,  or  as  a  carriage,  by  resting  on  the  solid  ground  through 
wheels.  When  such  a  structure  is  actually  in  motion,  it  partakes 
to  a  certain  extent  of  the  properties  of  a  machine;  and  the  deter- 
mination of  the  forces  by  which  it  is  supported  requires  the  con- 
eideration  of  dynamical  as  well  as  of  statical  principles;  but  when  it 
is  not  in  actual  motion,  though  capable  of  being  moved,  the  pres- 
sures which  support  it  are  determined  by  the  principles  of  statics; 
and  it  is  obvious  that  they  have  their  resultant  equal  and  directly 
opposed  to  the  weight  of  the  structure. 

88.  Tbe  Conclltlons  of  Eqallibrlam  of  m  Slraelare  are   the   three 

following  (4.  if.,  131):— 

L  That  the  forces  exerted  on  die  wJwle  etrticture  hy  eaeterrud  bodies 
BhaU  bcUcmce  each  other, — ^The  forces  to  be  considered  under  this 
head  are — (1.)  the  Atiraction  of  the  EarUh — ^that  is,  the  toeight  of 
the  structure;  (2.)  the  External  Loady  arising  from  the  pressures 
exerted  against  the  strueture  by  bodies  not  forming  part  of  it  nor 
of  its  foundation;  (these  two  kinds  of  forces  constitute  the  gross  or 
total  load)*,  (3.)  the  Supporting  Pressures^  or  resistance  of  the  ibunda- 
tion.  Those  three  classes  of  forces  will  be  spoken  of  together  as 
the  ExterTud  Forces. 

II.  That  the  forces  eocerted  on  each  piece  of  the  structure  JyaU 
bakmce  each  other, — These  consist  of — (1.)  the  Weight  of  the  piece, 
and  (2.^  the  External  Load  on  it,  making  together  the  Gross  Load; 
and  (3.)  the  Resistances,  or  forces  exerted  at  the  joints,  between  the 
piece  under  consideration  and  the  pieces  in  contact  with  it 

III.  ThaJt  the  forces  exerted  on  each  of  the  parts  into  which  each 
piece  of  the  structure  can  be  conceived  to  be  divided  shall  balance  omA 
o^^.— Suppose  an  ideal  surface  to  divide  any  part  of  any  one  of 
the  pieces  of  the  structure  from  the  remainder  of  the  piece;  the 
forces  which  act  on  the  part  so  considered  are — (1.)  its  weight,  anC 
(2.)  (if  it  is  at  the  external  surface  of  the  piece)  the  external  force 
applied  to  it,  if  any,  making  together  its  gross  load;  (3.)  the  stress, 
or  force,  exerted  at  the  ideal  surface  of  division,  between  the  part 
in  question  and  the  other  parts  of  the  piece. 

89.  Siabllltr,  tMrragih,  and  StlAicM.    {A,  M.,  132,    127). — It    IS 

necessary  to  the  permanence  of  a  structure,  that  the  three  fore- 
going conditions  of  equilibrium  should  be  fulfilled,  not  only  under 
one  amount  and  one  mode  of  distribution  of  load^  but  under  all  the 
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TBziatioiis  of  the  load  as  to  amotint  and  mode  of  distribation  which 
ean  occur  in  the  nae  of  the  stnicture. 

StabUUy  consists  in  tho  fulfilment  of  the  fint  and  second  condi- 
tioDS  of  equilihrinm  of  a  structure  under  all  variations  of  the  load 
within  given  limit&  A  structure  which  is  deficient  in  stability 
gives  way  by  the  displacement  of  its  pieces  from  their  proper  posi- 
tioDa 

When  a*  structure^  or  one  of  its  parts^  isJlexibUy  like  the  chain  of 
s  8iii^)ension  bridge,  or  in  any  other  way  free  to  move,  its  stability 
oonaists  in  a  tendency  to  recover  its  original  figure  and  position 
•fter  having  been  disturbed. 

Strength  consists  in  the  fulfilment  of  the  tlivrd  condition  of  equi- 
fibriom  of  a  structure  for  all  loads  not  exceeding  prescribed  limits; 
that  is  to  say,  the  greatest  internal  stress  produced  in  any  part  of 
any  piece  of  the  structure,  by  the  prescribed  greatest  load,  must  be 
sach  as  the  material  can  bear,  not  merely  without  immediate 
breaking,  but  without  such  injury  to  its  texture  as  might  endanger 
its  breaking  in  the  course  of  time. 

A  piece  of  a  structure  may  be  rendered  unfit  for  its  purpose,  not 
merely  by  being  broken,  but  by  being  stretched,  compressed,  bent, ' 
twisted,  or  otherwise  strained  out  of  its  proper  shape.  It  is  neces- 
laiy,  therefore,  that  each  piece  of  a  structure  should  be  of  such 
dimensions  that  its  alteration  of  figure  under  the  greatest  load 
applied  to  it  shall  not  exceed  given  limits.  This  property  is  called 
it^fiieae,  and  is  so  connected  with  strength  that  it  is  necessary  to 
consider  them  together. 


Sectioh  IL — Summary  of  the  PrineipUa  of  the  Balance  of  Forces, 


90.  {A.  M,,  12,  13,  17  to  24).— A  F«rce  is  an  action  between 
two  bodies,  either  causing  or  tending  to  cause  change  in  their 
^dative  rest  or  motion,  s^ailibriam  or  Balance  is  the  condition 
of  two  or  more  forces  which  are  so  opposed  that  their  combined 
*ction  on  a  body  produces  no  change  in  its  rest  or  motion,  and 
that  each  force  merely  tends  to  cause  such  change,  without  actually 
causing  it. 

In  treatises  on  statics,  the  word  presswre  is  often  used  to  denote 
>ny  balanced  force;  although,  in  the  popular  sense,  that  word  is 
iiaed  to  denote  a  force,  of  the  nature  of  a  thrust  or  push,  distributed 
ever  a  8urfiu«. 

The  rehition  of  a  force  to  one  of  the  two  bodies  between  which  it 
*ctB,  Lb  determined,  or  made  known,  when  the  following  three 
^^ungB  are  known  respecting  it: — first,  the  jjilace^  or  part  of  the 
^7  to  which  it  is  applied;  secondly,  the  direction  of  its  action; 
™tDy,  its  moffnitude. 
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I.  The  pla>ce  of  the  application  of  a  force  to  a  body  may  be  the 
whole  or  part  of  its  internal  mass;  in  which  case  the  foroeisan 
aOro/ction  or  a  repulsion,  according  as  it  tends  to  move  the  bodieB 
between  which  it  acts  towards  or  from  each  other;  or  the  place  of 
application  may  be  the  surface  at  which  two  bodies  touch  each 
other,  or  the  bounding  surface  between  two  parts  of  the  same  body, 
in  which  case  the  force  is  a  tension  or  puU,  a  thaii^  or  push,  or  » 
lateral  stress,  according  to  circumstances. 

Thus  every  force  has  its  action  distributed  over  a  certain  space, 
either  a  volume  or  a  surface;  and  a  force  concentrated  at  a  single 
point  has  no  real  existence.  Nevertheless,  it  is  necessary,  in  treat- 
ing of  the  principles  of  statics,  to  b^in  by  demonstrating  the 
properties  of  such  ideal  forces,  conceived  to  be  oonc^itrated  at 
single  points ;  for  the  conclusions  so  arrived  at  respecting  single  forea 
(as  they  may  be  called),  are  applicable  to  the  distributed  farces 
^hich  reaUy  act  in  luituw. 

In  reasoning  respecting  forces  concentrated  at  single  points,  thej 
are  assumed  to  be  applied  to  solid  bodies  which  are  perfectly  rigid, 
or  incapable  of  alteration  of  figure  under  any  forces  which  can  be 
applied  to  them.  This  also  is  a  supposition  not  realized  in  nature; 
but  its  consequences  may  be  applied  to  actual  bodies,  when  their 
alterations  of  figure  are  insensible. 

II.  The  direction  of  a  force  is  that  of  the  motion  whidi  it 
tends  to  produce.  A  straight  line  drawn  through  the  point  of 
application  of  a  single  foroe^  and  along  its  direction,  is  the  line  of 
ciciion  of  that  force. 

III.  The  magnitudes  of  two  forces  are  equal,  when,  being 
applied  to  the  same  body  in  opposite  directions  along  the  same 
line  of  action,  they  balance  each  other. 

A  single  force  may  be  represented  on  paper  by  an  arrow-headed 
straight  line;  the  commencement  of  the  line  indicating  the  point  of 
application  of  the  force, — the  direction  of  the  line,  the  direction  of 
the  force, — and  the  length  of  the  line,  the  magnitude  of  the  force, 
according  to  an  arbitrary  scale. 

91.  Staadard  Vaiterweigbt.  {A.  M.,  2\\ — ^The  magnitude  of  ft 
force  is  expressed  arithmetically  by  stating  in  numbers  its  ratio  to 
^  certain  vmt  or  standard  of  force,  which  is  usually  the  weighl 
(Or  attraction  towaixis  the  earth),  at  a  certain  latitude,  and  at  ft 
certain  level,  of  a  known  mass  of  a  certain  material  Thus  the 
British  unit  of  force  is  the  standard  pound  avoirdupois;  which 
ifl  the  weight  in  the  latitude  of  London,  and  near  the  level 
of  the  sea,  of  a  certain  piece  of  platinum  kept  in  the  Exchequer 
office.  (See  the  Act  18  and  19  Vict.,  cap.  72;  also  a  paper 
by  Professor  W.  H.  Miller,  in  the  FJUlosophioal  Tranaaatkmi 
for  1856.) 
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Amongst  otiier  units  of  force  employed  in  Britain  are^— 

The  grain  =  y^^  of  a  pound  avoirdupois. 

Hie  troj  pound  =:  5,760  grains  =  0*82^85714  pound  avoirdupois. 

The  hundredweight  =  112  pounds  avoirdupois. 

The  ton  =  2,240  pounds  avoirdupois. 

The  French  standard  unit  of  force  is  the  gramme,  which  is  the 
weight,  in  the  latitude  of  Paris,  of  a  cubic  centimetre  of  pure 
water,  measured  at  the  temperature  at  which  the  density  of  water 
18  greatest,  viz.,  3°'945  centigrade,  or  30^-1  Fahrenheit,  and  under 
the  pressure  which  supports  a  barometric  column  of  760  millimetres 
of  mercuiy — ^that  is,  29*922  inches. 

A  comparison  of  French  and  British  measures  of  force  and  of 
size  13  given  in  a  table  at  the  end  of  this  volume. 

92.  BcaalttiMt  •r Force*  Actlag  In  One  Straight  I^lne.      {A,  M,,  22). 

— ^The  Besultakt  of  any  number  of  given  forces  applied  to  one  body, 
ii  a  flingle  force  capable  of  balancing  that  single  foi*ce  which  balances 
the  given  forces;  that  is  to  say,  the  resultant  of  the  given  forces  is 
cqoal  and  directly  opposed  to  the  force  which  balances  the  given 
forces;  and  is  eguivalerU  to  the  given  forces  so  far  as  the  balance  of 
the  body  is  concerned.  The  given  forces  are  called  compoTierUa  of 
their  resultant 

The  resultant  of  a  set  of  balanced  forces  is  nothing. 

The  resultant  of  any  number  of  forces  acting  on  one  body  in  the 
same  straight  line  of  action,  acts  aloug  that  line,  and  is  equal  in 
magnitude  to  the  sum  of  the  component  forces;  it  being  understood, 
that  when  some  of  the  component  forces  are  opposed  to  the  others, 
the  word  "  mim>"  is  to  be  taken  in  the  algebraical  sense ;  that  is  to 
ny,  that  forces  acting  in  the  same  direction  are  to  be  added  to,  and 
forces  a^tin^  in  opposite  directions  subtracted  from  each  other. 

Whenasp^stem  of  forces  acting  along  one  straight  liue  are  balanced, 
the  sum  of  the  forces  acting  in  one  (tirection  is  equal  to  the  Sum  of 
the  forces  acting  in  the  opposite  direction. 

93.  BcMltnnt  nnd  Bnlance  of  Inclined  Foreee.     {A.  M,^  51  to  54). 

—The  Rmallest  number  of  inclined  forces  which  can  balance  each 
other  is  three.  Those  three  forces  must  act  through  one  point,  and 
in  one  plane.  Their  relation  to  each  other  depends  on  the  follow- 
hig  theorem,  called  the  "  Paballeloorai[  of  Foboes,"  from  which 
^  whole  fldenoe  of  statics  may  be  deduced. 

I  If  two  forces  whose  lines  of  wtion  trcvoerse  onepoini  he  repre- 
Mnte'  in  direeUon  and  magnitude  hy  the  sides  of  a  panraildogram^ 
<Wr  rmuUaiU  is  represented  by  the  diagonal. 


r 
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For  example,  through  the  point  O  (fig.  60)  let  two  foroegac^ 
repreaented  in  direction  aad  magnitude  by  O  A  and  OlB.  The  re- 
sultant or  equivalent  single  force  of 
those  two  foi'ces  is  represented  in 
direction  and  magnitude  by  the 
diagonal  0  C  of  the  parallelc^ram 
O  A  0  B.  Its  magnitude  is  given 
algebraically  by  the  equation, 


OC 


=  V|o 


A2  +  0B« 


Kg.  60. 


+  2  0  AOBcosAOB 


} 


<i) 


To  balance  the  forces  O  A  and  O  B,  a  force  is  required  equal  and 
directly  opposed  to  their  resultant  Oa  This  may  be  expressed  by 
saymg,  that  ifths  directions  and,  magnitudes  of  tliree  forces  be  reprt- 
sented  hy  the  three  sides  of  a  triangle  (such  as  OT,  AC,  C^,  ihm 
those  Hvree  forces,  acting  tf trough  one  point,  balance  each  other,  or  in 
other  words,  that  three  forces  in  the  same  plane  balance  each  other 
at  one  point,  when  each  is  proportional  to  the  sine  of  the  angle 
between  the  other  two. 

The  following  corollary  from  the  parallelogram  of  forces  is  called 
the  "  Polygon  of  Forcbs  :" — 

II.  If  a  number  of  forces  acting  iJvrough  the  same  point  be  repre- 
sented by  lines  equal  and  parallel  to  the 
sides  of  a  closed  polygon,  those  forces 
balance  each  otlier.  To  fix  the  ideas, 
let  there  be  five  forces  acting  through 
the  point  0  (^g.  61),  and  represented 
in  direction  and  magnitude  by  the 


lines  Fp  Fg,  Fg, 


F4,  Fg,  which  are 


Hg.  61. 


equal  and  parallel  to  the  sides  of  the 
closed  polygon  O  A  B  C  D  O ;  viz.  :— 

Pi  =  and||OA;  F2  =  andii  AB;  F3  =  andiiBC; 

F^  =  and  11  C  Dj  F5  =  and  n  D  O. 

Then,  by  the  principle  of  the  parallelogram  of  forces,  the  resultant  rf 
F,  and  F^  is  O  B;  the  resultant  of  F^,  Fo,  and  Fj  is  O  C;  the  re- 
sultant of  F,,  Fjj,  F3,  and  F^  is  O  D,  equal  and  opposite  to  F^,  so 
that  the  final  resultant  is  nothing. 

The  closed  polygon  may  be  either  plane  or  "gauche"— that  ifl^ 
not  in  one  plane. 
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HL  Frimcipls  ofihs  ParaUdopip&lof  Forces. — The  simplest  gauchi 
pdygon  is  <Hie of  four  sidea  Let  O  ABC EFGH  (%  62),  be  s 
panllelopiped  whose  diagonal  is  O  H.  Then 
anj  three  successive  edges  so  placed  as  to 
begm  at  O  and  end  at  H,  form,  together  with 
the  diagonal  H  O,  a  closed  quadrilateral; 
oonaequently,  if  three  forces  F^,  Fg,  F,,  act- 
ing through  O,  be  represented  by  the  three 

edges  0  A,  O  IB,  O  C^  of  a  parallelopipedy 

the  diagonal  O  H  represents  their  resoltanty 
tnd  a  fourth  force  F^  equal  and  opposite  to 

OH  balances  them.  ^^-  ^- 

94.  Btiaiaii—  •r  a  Votccw — L  Into  two  Components.  {A.  M.,  55, 
56)l — In  order  that  a  given  single  force  may  be  resolvable  into  two 
components  acting  in  given  lines  inclined  to  each  other,  it  is  neces- 
aaij,  firsty  that  the  lines  of  action  of  those  components  should 
intersect  the  line  of  action  of  the  given  force  in  one  point;  and 
teoondly,  that  those  three  lines  of  action  should  be  in  one  plane. 

Betuming  then  to  Fig  60,  let  O  C  represent  the  given  force, 
which  it  is  required  to  resolve  into  two  component  forces,  acting  in 
the  lines  OX,  O  Y,  which  lie  in  one  plane  with  O  C,  and  intersect 
it  in  one  point  O. 

Through  C  draw  C  A  n  O  Y,  cutting  O  X  in  A,  and  C  B  ii  O  X, 
cutting  0  Y  in  B.  Then  will  O  A  and  O  B  represent  the  com- 
ponent forces  required.  

Two  forces  respectively  equal  to  and  directly  opposed  to  O  A 
sad  OB  will  balance  0C~ 

The  magnitudes  of  the  forces  are  in  the  following  proportions : — 

OC:OA:OB 
::sinAOB:sinBOC:sinAOC (1.) 

n.  Into  three  Components. — In  order  that  a  given  single  force 
inay  be  resolvable  into  three  components  acting  in  given  lines 
indined  to  each  other,  it  is  necessary  that  the  lines  of  action,  of  the 
components  should  intersect  the  line  of  action  of  the  given  force  in. 
ODe  pointw 

Betoming  to  Fig.  62,  let  O  H  represent  the  given  force  which  it 
is  required  to  resolve  into  three  component  forces,  acting  in  the 
lines  OX,  0  Y,  O  Z,  which  intersect  O  H  in  one  point  O. 

Through  H  draw  three  planes  parallel  respectively  to  the  planes 
T  0  Z,  Z  0  X,  X  O  Y,  and  cutting  respectively  O  X  in  A,  O  Y  in 

B,  0  Z  in  0.    Then  will  O  A,  O  B,  O  C,  represent  the  component 
^(nces  required. 
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Three  forces  respectively  equal  to^  and  directily  opposed  to  O  A, 


O  B,  and  O  C,  will  balance  O  H. 

III.  Rectangvlar  Components. — ^The  rectangular  components  of 
a  force  are  those  into  which  it  is  resolved  when  the  directions  of 
their  lines  of  action  are  at  right  angles  to  each  other. 

For  example,  in  fig.  62,  suppose  OX,  O  Y,  0  Z,  to  be  three 

axes  of  co-ordinates  at  right  angles  to  each  other.  Then  O  H  is 
resolved  into  three  rectangular  components,  O  A,  O  B,  O  C,  simply 
by  letting  &11  from  H  perpendicul£u*3  on  O  X,  O  Y,  O  Z,  cutting 
them  at  A,  B,  0,  respectively. 

Let  the  three  rectangular  components  be  denoted  respectively  by 
X,  Y,  Z,  the  resultant  by  R,  and  the  angles  which  it  makes  with 
the  components  by  «,  fi,  y,  respectively;  then  the  relations  between 
the  three  rectangular  components  and  their  resultant  are  expressed 
by  the  following  equations  : — 

X  =  Rcos«;  Y  =  Rcos/3;  Z  =  Bcosy; (2.) 

R«  =  X2  +  Y«  +  Z2     (3.) 

When  the  resultant  is  in  the  same  plane  with  two  of  its  com- 
ponents (as  X  and  Y),  the  third  component  is  null,  and  the 
equations  2  and  3  take  the  following  form: — 

X  =  Bcos«  =  Bsin/3;  Y  =  Bcosi3  =  Bsin  «;  Z  =  0;...(4.) 

B5^  =  X«  +  Y2 (5.) 

In  using  equations  2,  3,  4,  and  5,  it  is  to  be  remembered  that 
cosines  of  obtuse  angles  are  negative. 

95.   BcMilUiBi  a«4   Balance   of  mnj  Maaiber  af  iaaliaad  Varees 

AcUagthraash  aae  Paiau— To  find  thisresultant  by  calculation,  assume 
any  three  directions  at  right  angles  to  each  other  as  axes;  resolve 
each  force  into  three  components  (X,  Y,  Z)  along  those  axes,  and  con- 
sider the  components  along  a  given  axis  which  act  in  one  direction 
as  positive,  and  those  which  act  in  the  opposite  direction  as  nega- 
tive; take  the  algebraical  sums  of  the  components  along  the  three 
axes  respectively  (2  •  X,  2  •  Y,  2  •  Z) ;  these  will  be  the  rectanffular 
eomponerUs  of  the  restUtcmt  of  aU  the  forces;  and  its  magnitude  and 
direction  will  be  given  by  the  following  equations  :^ 

B2=(2-X)2  +  (2-Y)2  +  (2-Z)«; (1.) 

2-X          ^    2-Y               2-Z  ,^. 

cos«  =  -=-;  cos^  =  -^;  cosy  =  -^  (2.) 

If  the  forces  all  act  in  one  plane,  two  rectangular  axes  in  that 
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plane  are  suffidenty  and  the  terms  containing  Z  disappear  from 
ike  equationsL 

If  the  forces  balance  each  other,  the  components  parallel  to  each 
axis  balance  each  other  independently;  that  is  to  saj,  the  three 
foUowing  conditions  are  fulfilled : — 

2X  =  0;  2-Y  =  0;  i:Z  =  0 (3.) 

If  the  forces  all  act  in  one  plane,  these  conditions  of  eqmlibritun 
are  reduced  to  twa 

9&  RcMlmat  BMl  Biiluce  mf  CowplM.  (A,  Af,,  25  to  37). — ^Two 
forces  of  equal  magnitude  applied  to  the  same  body  in  paraJlel  and 
opposite  directions,  but  not  in  the  same  line  of  action  (such  as 
f,  F,  in  fig.  63),  constitute  what  is  called  a  ''  couple." 

The  arm  or  leverage  of  a  couple  (L,  fig.  63)  is  the  perpendicular 
distance  between  the  lines  of  action  of  the  two  equal  forces. 

The  tendency  of  a  couple  is  to  turn  the  bodj  to  which  it  is 
i^ipHed  in  the  plane  of  the  couple — that  is,  the  plane  which  con- 
tains Ihe  lines  of  action  of  the  two 
finoes.  (The  plane  in  which  a  body 
turns  is  any  plane  parallel  to  those 
planes  in  the  body  whose  position  is  not  ^ 
altered  by  the  turning).  The  turning 
of  a  body  is  said  to  be  right-Jumded 
when  it  appears  to  a  spectator  to  take  ^        F*    63 

place  in  the  same  direction  with  that  of  '^' 

tbe  hands  of  a  watch,  and  le/l-handed  when  in  the  opposite  direction ; 
and  couples  are  designated  as  right-handed  or  left-handed  according 
to  the  direction  of  the  turning  which  they  tend  to  produce.  The 
eoaple  represented  in  fig.  63  appears  right-handed  to  the  reader. 

The  Moment  of  a  couple  means  the  product  of  the  magnitude  of 
its  force  by  the  length  of  its  arm  (F  L);  and  may  be  represented 
fay  the  area  of  a  rectangle  whose  sides  are  F  and  L.  If  the  force 
be  a  certain  number  of  pounds,  and  the  arm  a  certain  number  of 
feet,  the  prodnct  of  those  two  numbers  is  called  the  moment  in 
fooipounday  and  similarly  for  other  measures.  The  moment  of  a 
couple  may  also  be  represented  by  a  single  line  on  paper,  by  setting 
off  upon  its  axia  (that  is,  upon  any  line  perpendicular  to  the  plane 
of  the  couple)  a  length  proportional  to  that  moment  (O  M,  fig.  63) 
ift  such  a  direction,  that  to  an  observer  looking  from  O  towwlsM 
the  couple  shall  seem  right-handed. 

Tbe  following  principle  is  the  groundwork  of  the  theory  of 
ttaplesL  It  may  also  be  made  the  groundwork  of  the  whole  science 
of  itatics,  instead  of  the  principle  of  the  parallelogram  of  forces; 
^  each  of  those  two  principles  is  a  necessary  consequence  of  the 
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I.  If^  momenta  of  two  couplea  oding  in  the  same  (Erection  tmd 
in  the  same  or  parallel  planes  are  eqiud,  those  couples  are  equivalent: 
that  is,  their  tendencies  to  turn  the  body  to  which  they  are 
applied  are 'the  same. 

The  following  propositions  are  the  chief  consequences  of  the 
principle  just  stated. 

II.  The  resultant  of  any  number  of  couples  acting  in  the  same 
or  parallel  planes  is  equivalent  to  a  couple  whose  moment  is  the 
algebraical  sum  of  the  moments  of  the  combined  coupler 

III.  Two  opposite  couples  of  equal  moment  in  the  same  or 
parallel  planes  iMilance  each  other.  Any  number  of  couples  in  the 
same  or  parallel  planes  balance  each  other  when  the  moments  of 
the  right-handed  couples  are  together  equal  to  the  moments  of  the 
left-handed  couples;  in  other  words,  when  the  resultant  moment  is 
Qothing — a  condition  expressed  algebraically  by 

i:-FL  =  0.  (1.) 

lY.  If  the  two  sides  of  a  parallelogram  represent  the  axes  and 
moments  of  two  couples  acting  on  the  same  body  in  planes  in- 
clined to  each  other,  the  diagonal  of  the  parallelogram  will  repre- 
sent the  axis  and  moment  of  the  resultant  couple,  which  is  equiva- 
lent to  those  two. 

In  other  words,  three  couples  represented  by  the  three  sides  of  a 
triangle  balance  each  other. 

Y.  If  any  number  of  couples  acting  on  the  same  body  be  r^vre- 
sented  by  a  series  of  lines  joined  end  to  end,  so  as  to  form  sides  of 
a  polygon,  and  if  the  polygon  is  closed,  those  couples  balance  esA 
otjier. 

These  propositions  are  analogous  to  corresponding  propositioDS 
relating  to  single  forces;  and  couples,  like  single  forces,  caa  be 
resolved  into  components  acting  about  two  or  three  given  axes. 

97.    RcralUiBt  and  Balance  of  Parallel  Forres,     (ii.  Af.,  38  to  47). 

— A  balanced  system  of  parallel  forces  consists  either  of  pairs  of 
directly  opposed  equal  forces,  or  of  couples  of  equal  forces,  or  of 
combinations  of  such  pairs  and  couples.  • 

Hence  the  following  propositions  as  to  the  relations  amongst  the 
magniivdes  of  systems  of  parallel  forces. 

I.  In  a  balanced  system  of  parallel  forces  the  sums  of  the  forces 
acting  in  opposite  directions  are  equal ;  in  other  words,  the  alge- 
braical sum  of  the  magnitudes  of  dl  the  forces  taken  with  their 
proper  signs  is  nothing. 

II.  The  magnitude  of  the  resultant  of  any  combination  of  pa^ 
allel  forces  is  the  algebraical  sum  of  the  magnitudes  of  the  forces. 

The  relations  amongst  the  positions  of  the  lines  of  action  of 
balanced  parallel  foroes  remain  to  be  shown;  and  in  this  inquiif 
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•U  pain  of  directly  opposed  equal  forces  may  be  left  out  of  oon- 
Bdemdon:  for  each  such  pair  is  independently  balanced  whatso- 
wer  ite  position  may  be;  so  that  the  question  in  each  ca^  la  to 
be  solved  by  means  of  the  theory  of  couples. 

The  following  is  the  simplest  case :— 

m.  Priaeirie  •f  ii»  i^msw.'-If  three  paralld  forces  applted  to  one 
hody  haianee  each  other^  they 
mul  he  in  one  plane;  the  tV)o 
eaOreme  forces  must  act  in  the 
nmedirtctum;  the  middle  force 
muit  ad  in  the  opposite  direc- 
tMm;  and  the  magmJbudeofeach 
fme  must  be  proportimal  to 
the  distance  between  the  lines  of 
aeiion  of  the  other  Uvo.  Let 
a  body  (fig.  64)  be  maintained 
in  eqailibrio  by  two  opposite 
couples  acting  in  the  same  plane,  and  of  equal  moments, 


Fig.  64. 


Fa  La  =  Fb  Lb, 

tad  let  those  couples  be  so  applied  to  the  body  that  the  lines  of 
action  of  two  of  those  forces,  -  F^  -  Fb,  which  act  m  the  same 
direction,  shall  comcide.  Then  those  two  forces  are  equivalent  to 
the  sbgle  middle  force  Fc  =  -  (F^  +  Fb),  equal  and  opposite  to  the 
snm  of  the  extreme  forces  +  F^,  +  Fb,  and  in  the  same  plane  with 
Him;  and  if  the  straight  line  A  0  B  be  drawn  perpendicular  to 
the  lines  of  action  of  the  forces,  then 

aTT=La;  C^=Lb;  AB=La  +  Lb; 


tod  consequently 


Fa  :  Fb  :  F|,  :  :  CB  :  AC  :  AB; 


(1.) 


This  proposition  holds  also  when  the  straight  line  A  C  B  crosses 
the  lines  of  action  of  the  three  forces  obliquely. 

rv.  The  resultant  of  any  two  of  the  three  forces  F^,  Fb,  F©,  is 
«|Tial  and  opposite  to  the  third. 

In  order  that  two  opposite  parallel  forces  may  have  a  single 
wwltant,  it  is  necessary  that  they  should  be  unequal,  the  resultant 
hdog  their  difference.  Should  they  be  equal,  they  constitute  a 
eon^  which  has  no  single  resultant. 

V.  BesuUa/ntofaCotqfleandaSiTigleForceinFaraUdPlanes. — 
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Let  M  denote  the  moment  of  a  couple  applied  to  a  body  (fig.  6S); 

and  at  a  point  O  let  a  tin^ 
force  F  be  applied,  in  a  pUuie 
parallel  to  that  of  the  couplei 
roT  the  given  couple  substitute 
an  equivalent  couple,  consiBtiiig 
of  a  force  —  F  equal  and  directly 
opposed  to  F  at  O,  and  a  force 
F  acting  through  the  point  A, 

the  arm  A  O  perpendicular  to 

M 
F  being  =  «^,  and  paralld   to 


Fig.  65. 


the  plane  of  the  couple  M.  Then  the  forces  at  0  balance  each 
other,  and  F  acting  through  A  ia  the  resultant  of  the  single  force 
F  applied  at  O,  and  the  couple  M ;  that  is  to  say,  that  If  with  a 
single  force  F  there  be  combined  a  couple  M  whose  plane  is  parallel 
to  the  force,  the  effect  of  that  combination  is  to  shift  the  line  of 

action  of  the  force  parallel  to  itself  through  a 

M 
distance  O  A  =  ^ ; — ^to  the  left  if  M  is  right- 
handed — ^to  the  right  if  M  is  left-handed. 

YL  Moment  of  a  Force  wUh  respect  to  on 
Axis, — ^In  fig.  66,  let  the  straight  line  F  repre- 
sent a  force.  Let  O  X  be  any  straight  line 
perpendicular  in  direction  to  the  line  of  action 
of  the  force,  and  not  intersecting  it,  and  let  A  B 
i:  be  the  common  perpendicular  of  those  two  Unes. 
At  B  conceive  a  paii-  of  equal  and  directly  op- 
posed forces  to  be  applied  in  a  line  of  action 
parallel  to  F,  viz.:  F=F,  and-F=  -F.  The 
supposed  application  of  such  a  pair  of  balanced 
forces  does  not  alter  the  statical  condition  of  the 
body.  Then  the  original  single  force  F,  applied 
in  a  line  traversing  A,  is  equivalent  to  the  force  W  applied  in  a  line 
traversing  B,  the  point  in  O  X  which  is  nearest  to  A,  combined 
with  the  couple  composed  of  F  and  —  F,  whose  moment  is  F  •  A  R 
This  is  called  the  moment  ofifve  force  F  rdaiively  to  the  aaeis  0  X, 
and  sometimes  also,  the  moment  of  die  force  F  rdfUivdy  to  tki 
plane  traversing  O  X,  parallel  to  the  line  of  action  of  the  force. 

If  from  the  point  B  there  be  drawn  two  straight  lines  B  D  and 
B  E,  to  the  extremities  of  the  line  F  representing  the  force,  the 

area  of  the  triangle  B  D  £  being  =  ^  F  *  A  B,  represents  one-half  of 
the  moment  of  F  i^elatively  to  O  X. 

YIL  Balcmoe  of  amy  System  of  FaraUd  Forces  in  One  FlanA-^ 


Fig.  66. 
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In  order  that  any  system  of  parallel  forces  whose  lines  of  action 
are  in  one  plane  may  balance  each  other,  it  is  necessary  and  suffi- 
cient that  ike  following  conditions  should  be  fulfilled : — 

Fini — (As  already  stated)  that  the  algebraical  sum  of  the  forces 
diall  be  nothing: — 

Secondly — That  the  algebraical  sum  of  the  moments  of  the  forces 
relatiYely  to  any  axis  perpendicular  to  the  plane  in  which  they  act 
■ball  be  nothing, 

two  conditions  which  are  expressed  symbolically  as  follows : — 
I^  F  denote  any  one  of  the  forces,  considered  as  positive  or  nega-< 
tive^  according  to  the  direction  in  which  it  acts;  let  y  be  the  per- 
pendicalar  distance  of  the  line  of  action  of  this  force  from  an 
iriatrarily  assumed  axis  O  X,  ^  also  being  considered  as  positive  or 
oegatiTe,  according  to  its  direction;  then, 

S-F=0;  2;-yF  =  0 (2.) 

Insnmming  moments,  right-handed  couples  are  usually  considered 
ai  positive,  and  left-handed  couples  as  negative. 

YIIL  Let  R  denote  the  restdtarU  of  any  nmnber  of  pa/rdUd 
fona  m  one  pUmSf  and  y^y  the  distance  of  the  line  of  action  of  that 
resultant  from  the  assumed  axis  O  X  to  which  the  positions  of  forces 
are  referred;  then, 

R  =  2F; 

2-yF 
y»-=  2.F"' 

In  some  cases,  the  forces  may  have  no  single  resultant,  2  *  F 
being  =  0;  and  then,  unless  t!ie  forces  balance  each  other  com- 
pletely, their  resultant  is  a  couple  of  the  moment  2)  *y  F. 

IX.  Balance  of  amy  System  of  Pa/raUd  Forces. — In  order  that 
any  s^tem  of  parallel  forces,  whether  in  one  plane  or  not,  may 
baknce  each  other,  it  is  necessary  and  sufficient  that  the  three 
following  conditions  should  be  fulfilled : — 

First — (As  already  stated)  that  the  algebraical  sum  of  the  forces 
>baH  be  nothing : — 

Secondly  and  Thirdly — That  the  algebraical  sums  of  the  momenta 
of  the  forces,  relatively  to  a  pair  of  axes  at  right  angles  to  each 
other,  and  to  the  lines  of  action  of  the  forces,  shall  each  be  nothing, 

two  conditions  which  are  expressed  symbolically  as  follows: — 
Let  0  X  and  O  Y  denote  the  pair  of  axes;  let  F  be  the  magnitude 
^  any  one  of  the  forces;  y  its  perpendicular  distance  from  O  X, 
ttd ff  its  perpendicular  distance  from  O  Y;  then, 

2*F  =  0;  S-yF  =  0;  2-ajF  =  0; (3.) 
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X.  Let  B  denote  the  reaultcmt  of  any  gystem  of  parattd  fonet, 
•ad  Xr  and  y,  the  distances  of  its  line  of  action  £nom  two  rectangular 

axes;  then, 

_     _  --           2-ajF          2-yF  ..v 

±1  =  2 'JJ;  av  =  -2Tjri  yf=  ^.p" '   ' 

In  some  cases  the  forces  may  have  no  single  resultant,  2*F 
being  =  0 ;  and  then,  unless  the  forces  balance  each  other  completelyi 
their  resultant  is  a  couple,  whose  axis,  direction,  and  moment,  are 
found  as  follows : — 

Let  M,  =  2.yF;  M,=  -S.aF; 

be  the  moments  of  the  pair  of  partial  resultant  couples  about  tho 
axes  O  X  and  O  Y  respectively.  From  O,  along  those  axes,  set  off 
two  lines  representing  respectively  M«  and  M,;  that  is  to  say,  pro- 
portional to  those  moments  in  length,  and  pointing  in  the  direction 
from  which  those  couples  must  respectively  be  viewed  in  order  that 
they  may  appear  right-handed.  Complete  the  rectangle  whose 
sides  are  those  lines;  its  diagonal  will  represent  the  axis,  direction, 
and  moment  of  the  final  resultant  couple.  Let  M,  be  the  moment 
of  this  couple;  then, 

M,=  /y/  {  m!+  mJ  } ,  (5.) 

aud  if  ^  be  the  angle  which  its  axis  makes  with  O  X, 

<-'=fe («•) 

98.  The  CentTO  •f  Pamliel  v«rcea  {A.  M.,  49,  50)  is  the  angle 
point  referred  to  in  the  following  principle.  The  forces  to  which 
that  principle  is  applied  are  in  general  either  weights  or  pressures; 
and  the  point  in  question  is  then  called  the  Centre  of  Gravity  or 
the  Centre  ofFreseure,  as  the  case  may  be. 

If  there  be  given  a  system  of  points,  <md  the  mutual  ratios  ofe 
system  of  parallel  forces  applied  to  those  points,  tohich  ftrces  hose  a 
single  resultant,  then  there  is  one  pointy  and  one  only,  tokich  is  tror 
versed  by  the  line  of  action  of  the  resultant  of  every  system  ofparaUd 
forces  having  the  given  mutual  ratios  and  applied  to  the  given  system 
cf  points^  whatsoever  may  be  the  absolute  magnitudes  of  those  foroet, 
and  the  angular  position  of  their  lines  of  action. 

The  position  of  that  point  is  found  as  follows : — 

Let  O  in  fig.  67  be  any  convenient  point,  taken  as  the  origin  of 
co-ordinates,  and  OX,  O  Y,  O Z,  three  axes  of  oo-ordinates  at 
right  angles  to  each  other. 
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Lei  A  be  any  one  of  the  points  to  which  the  system  of  parallel 
forces  in  question  are  applied.  From  A  draw  x  parallel  to  O  X, 
and  perpendicular  to  the  plane  Y  Z, 
y  parallel  to  O  Y,  and  perpendicular 
to  the  plane  Z  X,  and  z  parallel  to 
0  Z,  and  perpendicular  to  the  plane 
X  Y.  X,  y,  and  z  are  the  rectangu- 
lar co-ordiDates  of  A^  which,  being 
knowDy  the  position  of  A  is  deter- 
mined. Let  F  denote  either  the 
magnitade  of  the  force  applied  at  A, 
or  any  magnitude  proportional  to 
that  magnitude,  x,  y,  z,  and  F  are 
supposed  to  be  known  for  every  point  of  the  given  system  of 
points. 

Fvnty  conceive  all  the  parallel  forces  to  act  in  lines  parallel  to 
the  pkne  Y  Z.  Then  the  distance  of  their  resultant,  and  of  the 
eentie  of  parallel  forces  from  that  plane  is 


Fig.  67. 
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Secondly,  conceive  all  the  parallel  forces  to  act  in  lines  parallel 
to  the  pUme  Z  X.  Then  the  distance  of  their  resultant,  and  of  the 
centre  of  parallel  forces  from  that  plane  is 


»'■"  2-F  * 


(2.) 


Thirdlyy  conceive  all  the  parallel  forces  to  act  in  lines  parallel  to 
the  plane  X  Y.  Then  the  distance  of  their  resultant,  and  of  the 
centre  of  parallel  forces  from  that  plane,  is 


«;' 


2^F 

2-F' 


(3.) 


If  the  forces  have  no  single  resultant,  so  that  2  *  F  =  0,  there  is 
iko  centre  of  parallel  foi-ces.  This  may  be  the  case  with  pressures, 
Wt  not  with  weights. 

If  the  parallel  forces  applied  to  a  system  of  points  are  all  equal 
l«nd  in  the  same  direction,  it  is  obvious  that  ihe  distance  of  the 
tentre  of  parallel  forces  from  any  given  plane  is  simply  the  mean 
tf  the  distances  of  the  points  of  the  system  from  that  plane. 

09.  BcMiltUit  aad  Balance  ef  any  Sysl«iii  of  Vo»c«*  In  One  Plane* 

L(.  IT.,  59). — Let  the  plane  be  that  of  the  axes  O  X  and  O  Y  in 
[*S-  ^7;  and  in  looking  from  Z  towards  0,  let  Y  lie  to  the  right  of 

L 
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<  TotAtioa  &om  X  tow&rda  Y  shall  be  right-handed.    let 

3  the  co-onUnatea  of  the  point  of  application  of  one  of  the 
jf  any  point  in  ite  line  of  action,  relativelj'  to  the  awnnol 
axes.  B«solve  each  force  into  two  rectangular  com- 
L  and  T,  aa  in  Ai-tlcle  94,  p.  137;  then  the  w 
componenta  of  the  resultant  are  2  '  X  and  S  '  Y;  it* 
I  IB  given  hy  the  equation 

E'  =  (2-X)'+p-T);  (1.) 

igle  K,  yrhicL  it  miLkea  with  0  X  is  found  b;  the  equaliom 

SX     .  JT 


-'S"-  ■ 


..(2.) 


I  is  acute  or  obtuse  according  as  2 '  X  ia  positive  or  n^- 
it  lies  to  the  right  or  left  of  O  X  according  as  2  '  Y  ii 
r  negative, 
lultant  moment  of  the  Bjatem  of  forces  about  the  ks'u 

M  =  2(xY-j,X), (3.) 

ht  or  left-handed  according  as  M  is  positive  or  native 
pendicular  distance  of  the  resultant  force  R  from  0  ii 

^=1 « 

ind  y,  he  the  co-ordinates  of  any  point  in  the  liw  of 
^t  reaultantj  then  the  equation  of  that  line  is 

fl!,2-Y-y,2-X  =  M. (5.) 

:  0,  the  resultant  acts  through  the  origin  0 ;  if  H  hu 
!,  and  E  =  0(in  which  case  S-X  =  0,  2-Y  =  0)  the 
ii  a  ooupla  The  oonditioBS  of  equilibrium  of  the  qFstem 
xe 

2X  =  0;  2-Y  =  0;  M  =  0.  „ (6.) 

the  remlbnt  and  the  conditions  of  eqTiilibriQm  of  »aj 
'  forces  acting  through  any  system  of  pointSj  th«  f<KCH 
la  are  to  be  zefezred  to  three  rectangular  ucM  of  w- 
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As  before,  let  O  in  fig.  67,  p.  145,  denote  the  origin  of  co- 
ordinates, and  0  X,  O  Y,  0  Z,  the  three  rectangular  axes;  and 
let  them  be  arranged  so  that  in  looking  from 

X]  (Y  towards  Z  ] 

Y  >  towards  O,  rotation  from  <  Z  towards  X  > 
Z)  (X  towards  Yj 

shall  appear  right-handed. 

Let  A,  Y,  Z,  denote  the  rectangular  components  of  any  one 
of  the  forces;  x,  y,  z,  the  co-ordinates  of  a  point  in  its  Ime  of 
actioiL 

Taking  the  algebraical  sums  of  all  the  forces  which  act  along 
the  sune  axes,  and  of  all  the  couples  which  act  round  the  same 
axes,  the  six  following  quantities  are  found,  which  compose  the 
ittohant  of  the  given  system  of  forces : — 


2-X;  2-Y;  2-Z;  (1.) 

Cmiplc*. 

about  OX;  M,  =  2(yZ-«Y); 


-xZ);  \ 


OY;  M2  =  2(«X-a:Z);V (2.) 

0Z;M,  =  2{a:Y 

The  three  forces  are  equivalent  to  a  single  force 

K=y^|(2-X)2-f(2-Y)2  +  (2-Z)«|, (3.) 

actiiig  through  O  in  a  line  which  makes  with  the  axes  the  angles 
given  by  the  equations 

2-X          ^     2-Y                 2-Z  ... 

C06«=— g-;  co8^  =  -g-;  cosy  =  -^ (4.) 

The  three  couples  M^,  M^  M,,  are  equivalent  to  one  couple, 
whoae  magnitude  is  given  by  the  equation 

M  =  V{MJ  +  M!+MI), (5.) 

•nd  whose  axis  makes  with  the  axes  of  co-ordinates  the  angles  given 
by  the  equations 

M,  liL  M. 

coex=^';  cosA*  =  jP;  coBjr=^, (6.) 

in  which  ill  ^®°^*®  respectively  the  angles  /  ^  v  I 
Biwiucu<M>      ^^  by  the  axis  of  Mwithi^l  f* 


rv 
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The  Conditums  of  Equilibrium  of  the  system  of  forces  toxj  be 
expressed  in  either  of  the  two  following  forms : —  ' 

2-X=:0;S-Y  =  0;2-Z=0jM  =0;M  =0;M,  =  0;(7.) 

or  R  =  0;  M  =  0 (&) 

When  the  system  is  not  balanced,  its  resultant  may  fall  under 
one  or  other  of  the  following  cases : — 

Case  I. — Wlien  M  =  0,  the  resultant  is  the  single  force  R  acting 
through  O. 

Case  II. — When  the  axis  of  ^  is  at  rigJU  angles  to  the  direction  oj 
R, — a  case  expressed  by  the  following  equation : — 

cos  »  COS  X  +  cos  fi  cos  f*  +  cos  y  cos  *  =  0;  -...  (9.) 

the  resultant  of  M  and  R  is  a  single  force  equal  and  paitdlel  to  R^ 
acting  in  a  plane  perpendiciilar  to  the  axis  of  M^  and  at  a  perpen- 
dicular distance  from  O  given  by  the  equation 


(10.) 


Case  III. — When  R  =  0,  there  is  no  single  resultant;  and  the 
only  resultant  is  the  couple  M. 

Case  IV. — When  the  axis  ofM  is  pardlM  to  the  line  of  action  ofB^ 
that  is,  when  either 

X  =  »;  ^  =  /5;  ,  =  y, (IL) 


or 


x=:  -  «j  f*=  -  i8;  »=  -  y; 


(12.) 


there  is  no  single  resultant ;  and  the  system  of  forces  is  equivalent 
to  the  force  R  and  the  couple  M,  being  incapable  of  being  &rther 
simplified. 

Case  V. — When  tlie  axis  of  M.  is  oblique  to  the  direction  of  1^ 
making  with  it  the  angle  given  by  the  equation 

cos  6  =1  cos  X  cos  »  +  cos  ^  cos  /S  +  cos  9  cos  y,....  (13.) 

the  couple  M  is  to  be  resolved  into  two  rectangular  component^ 
viz: — 


M  sin  9  round  an  axis  perpendicular  to  R,  and  in 
the  plane  containing  the  direction  of  R  and  of 
the  axis  of  M; 

M  cos  d  round  an  axis  parallel  to  R 


(14.) 


The  force  R  and  the  couple  M  sin  &  are  equivalent,  as  in  Qs» 
II.,  to  a  single  force  equal  and  parallel  to  R,  whose  line  of  actioB 
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18  in  a  plane  perpendicular  to  that  containing  K  and  the  axis  of 
M,  and  whose  perpendicular  distance  from  O  is 

T       M  sin  ^  ,-  ^ . 

■L= — g — 05.) 

The  oonple  M  cos  ^y  whose  axis  is  parallel  to  the  line  of  action  of 
B,  is  incapable  of  further  combination. 

Hence  it  appears  finally,  that  every  system  of  forces  which  is  not 
eelf-balanced,  is  equivalent  either,  (A);  to  a  single  force,  as  in  Cases 
I  ind  II.  (B);  to  a  couple,  as  in  Case  III.  (C);  to  a  force,  com- 
bined with  a  couple  whose  axis  is  parallel  to  the  line  of  action  of 
the  force,  as  in  Cases  IV.  and  V.  This  can  occur  with  inclined 
forces  only ;  for  the  resultant  of  any  number  of  parallel  forces  is 
either  a  single  force  or  a  couple. 

101.  Parallel  PMjecCtons  or  Trannfoniiatloas  la  Slallea.     (id.    J/*., 

61  to  66.) — ^If  two  figures  be  so  related,  that  for  each  point  in  one 
there  is  a  corresponding  point  in  the  other,  and  that  to  each  pair  of 
equal  and  parallel  lines  in  the  one  there  corresponds  a  pair  of 
^oal  and  parallel  lines  in  the  other,  those  figures  are  said  to  be 
PA£ALLEL  PROJECTIOKS  of  cach  Other. 

The  relation  between  such  a  pair  of  figures  is  expressed  algebrai- 
cally as  follows : — Let  any  figure  be  referred  to  axes  of  co-ordinates, 
whether  rectangular  or  oblique ;  let  x,  y,  z,  denote  the  co-ordinates 
of  any  point  in  it,  which  may  be  denoted  by  A :  let  a  second  figure 
he  constructed  from  a  second  set  of  axes  of  co-ordinates,  either 
agreeing  with,  or  differing  from,  the  first  set  as  to  rectangularity 
or  obliquity ;  let  a^,  y,  z',  be  the  co-ordinates  in  the  second  figure, 
of  the  point  A'  which  corresponds  to  any  point  A  in  the  first  figure, 
^d  let  those  co-ordinates  be  so  related  to  the  co-ordinates  of  A, 
that  for  each  pair  of  corresponding  points,  A,  A',  in  the  two  figures, 
the  three  pcdrs  of  corresponding  co-ordinates  shall  bear  to  each 
other  three  constant  ratios,  such  as 

X        ^  y  z 

then  sie  those  two  figures  parallel  projections  of  each  other. 

For  example,  all  circles  and  ellipses  are  parallel  projections  of 
each  other;  so  are  all  spheres,  spheroids,  and  ellipsoids;  so  are  all 
^tiu^es;  so  are  all  triangular  pyramids;  so  are  all  cylinders ;  so 
&re  aU  cones. 

The  following  are  the  geometrical  properties  of  parallel  projeo 
tiOM  which  are  of  most  importance  in  statics : — 

I-  A  parallel  projection  of  a  system  of  three  ])oints,  lying  in 
^HM  stnight  line  and  dividing  it  in  a  given  proportion,  is  also  a 
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r  three  points,  lying  in  one  straight  line  and  dividing^  it  in 

proportioo. 

parallel  projection  of  a  syBtem  of  parallel  lines  irbow 
ear  given  ratios  to  each  other,  ia  also  a  system  of  paralld 
>se  lengths  bear  the  same  ratios  to  each  other. 
.  parallel    projection  of   a  closed    polygon  ia  a   doaed 

.  parallel  projection  of  a  parallelogram  is  a  paiallelc^iam. 
parallel  projection  of  a  pamUelopiped  is  a  pamllelopiped 
.  parallel  projection  of  a  pair  of  parallel  plane  snrfsoea, 
eas  are  in  a  given  ratio,  b  also  a  pair  of  parallel  plant 
whose  areas  are  in  the  same  ratio. 

&.  parallel  projection  of  a  pair  of  Tolnmea  having  a  given 
t  pair  of  volumes  having  the  same  ratio. 
Uowing  are  the  mechanical  properties  of  parallel  pTOJeo- 
M>nnection  with  the  principles  set  forth  in  this  secUon: — 
If  two  systems  of  points  be  parallel  projections  of  eadi 
id  if  to  each  of  those  systems  there  be  appUed  a  ^stem  id 
ipxa  bearing  to  each  other  the  same  system  of  ratios,  then 
!t  of  parallel  forces  for  those  two  systems  of  points  will  be 
projections  of  each  other,  mutually  related  in  the  same 
vith  the  other  pairs  of  corresponding  points  in  the  tvo 

'  a  halanctd  sytimn  of  forces  acting  through  any  system  of 
)  represented  by  a  system  of  lines,  then  will  any  parallei 
n  of  that  system  of  lines  represent  a  balanced  system  of 
ad  if  any  two  systeins  of  forces  be  represented  by  lines 
-e  patallel  projections  of  each  other,  the  lines,  or  sets  cf 
resenting  their  regultanis,  are  corresponding  patvllel  pro- 
of each  other,— it  being  observed  that  eoupUa  are  to  be 
ed  by  pairs  of  lines,  as  poire  of  opposite  forces  or  by  snas, 
oj  single  lines  along  their  axes. 

Section  III. — Of  DUlranUed  Force*. 
iMrihBMidF«RniaGtanem.(^.  Jlf.,67,  68.) — In  Article  90, 
;  has  already  been  explained,  that  the  action  of  every  leal 
distributed  throughout  some  volume,  or  over  some  sui&ce. 
lys  possible,  however,  to  find  either  a  singU  resuUemt,  or  a 
eou^le,  or  a  eombinatiim  of  a  tingle  force  with  a  eotipit,  to 
^ven  distributed  force  is  equivalent,  so  &r  as  it  affects  the 
im  of  the  body,  or  part  of  a  body,  to  which  it  is  applied. 
application  of  hfechanics  to  Structures,  the  only  force  dis- 
throughout  the  volume  of  a  body  which  it  is  neoeswry  t" 
ia  its  weight,  or  attraction  to\rards  the  earthj  and  the 
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bodies  oonaidered  are  in  every  instance  so  small  as  compared  with 
the  earth,  that  this  attraction  may,  without  appreciable  error,  be 
held  to  act  in  parallel  directions  at  each  point  in  each  body.  More- 
oyer,  the  forces  distributed  over  surfistces  are  either  parallel  at  each 
point  of  their  sur&ces  of  application,  or  capable  of  being  resolved 
into  aets  of  parallel  forces;  hence,  paraUd  distrUruied  forces  have 
alone  to  be  considered;  and  every  such  force  is  statically  equivalent 
either  to  a  single  resultant,  or  to  a  resultant  couple. 

The  Intensity  of  a  Dietribvied  Force  is  the  ratio  which  the  magni- 
tude of  that  force,  expressed  in  units  of  weight,  bears  to  the  space 
orer  which  it  is  distributed,  expressed  in  imits  of  volume,  or  in 
noits  of  sorface,  as  the  case  may  be.  An  wmi  oflrUensUy  is  an 
VBit  of  force  distributed  over  an  unit  of  volume  or  of  surface,  as 
the  case  may  be;  so  that  there  are  two  kinds  of  units  of  intensity. 
For  example,  cma  pound  per  cubic  foot  is  an  unit  of  intensity  for  a 
&roe  diB^buted  throughout  a  volume,  such  as  weight ;  and  otm 
pimndper  square  foot  is  an  unit  of  intensity  for  a  force  distributed 
orer  a  snr&oe,  such  as  pressure  or  friction. 

103.  WdfM— SpmUc  arnritf,  {A.  M,,  69.) — ^The  intensity  of  the 
fteig^  of  a  body  is  expressed  either  by  stating  how  many  units  of 
▼eight  are  contained  in  an  unit  of  volume  (for  example,  pounds 
aToirdupols  in  a  cubic  foot,  or  in  a  cubic  inch),  or  by  stating  the 
atio  which  the  weight  of  a  given  volume  of  the  body  bears  to  the 
vei^t  of  the  same  volume  of  a  standard  substance  (pure  water) 
vsi&r  a  standard  pressure  (the  average  atmospheric  pressure  of 
147  lbs.  on  the  square  inch)  and  at  a  standard  temperature  (which 
in  Britain  is  62^  Fahrenheit,  and  in  France,  the  temperature  at 
which  water  is  most  dense,  or  39*- 1  Fahr.  =  3^-945  Cent).  The 
last-mentioned  ratio  is  called  the  "Specific  Gravity  **  of  the  hodj. 
For  the  weight  of  a  cubic  foot,  there  is  no  single  term  in  English : 
it  might  perhaps  be  called  "  heaviness;*'  that  being  a  word 
^ch  at  present  is  not  appropriated  to  any  scientific  purpose. 
Aoeording  to  the  French  system  of  measures,  there  is  no  need  for 
this  distinction;  because,  as  a  litre  (a  cubic  d^im^tre)  of  pure 
VBter  at  its  maximum  density  weighs  a  kilogramme,  the  weight  of 
^  cable  d^drndtre  of  any  substance  in  kilogrammes  is  its  spedfio 
ganty,  that  of  pure  water  being  unity. 

The  wei^t  of  a  cubic  foot  of  pure  water  at  39**1  Fahr.  is 

62*425  lbs.  avoirdupois. 

la  rimg  from  39*-l  to  62*  Fahr.,  pure  water  expands  in  the 
ntio  of  1*001118  to  1,  and  has  its  density  diminished  in  the  ratio 
of  -998883  to  1,*  hence  the  weight  of  a  cubic  foot  of  pure  water  at 
63^  Fahr.  is 

*  SceProfoMff  HnWr's  paper  "  On  the  Standard  Pound,**  FJUL  TVom.,  1856,  Part  L 


IM  MATERIALS  AND  STRUCTURES. 

62-425  X  -998883  =  62-355  lbs.  ayoirdupois; 

and  for  any  other  substance  we  have, 

Heaviness  in  lbs.  avoirdupois  per  cubic  foot  s  Specific  )     /^  % 
Gravity  X  62-355 /"W 

In  a  table  at  tbe  end  of  this  volume  are  given  the  qpedfic  grsTitj 
and  heaviness  of  such  materials  as  most  commonly  occur  in  stmo- 
tures.  So  far  as  that  and  similar  tables  relate  to  solid  materials, 
they  are  approximate  only;  for  the  specific  gravity  of  the  same 
solid  substance  varies  not  only  in  difierent  specimens,  but  fte- 
quently  even  in  different  parts  of  the  same  specimen;  still  the 
approximate  values  are  sufficiently  near  the  truth  for  practical 
purposes  in  the  art  of  construction. 

104.  {A.  M.,  70  to  85.) — The  Ceaftre  •raruwUr  of  a  body,  or  of  a 
system  of  bodies,  is  the  point  always  traversed  by  the  resultant  of 
the  weight  of  the  body  or  system  of  bodies, — ^in  other  words,  the 
centre  of  parallel  forces  for  the  weight  of  the  body  or  system  of 
bodies.     (See  Article  98.) 

To  support  a  body,  that  is,  to  balance  its  weight,  the  resultant  <^ 
the  supporting  force  must  act  through  the  centre  of  gravity. 

When  the  centre  of  gravity  of  a  geometrical  figure  is  spoken  o^ 
it  is  to  be  understood  to  mean  the  point  where  the  centre  of 
gravity  would  be,  if  the  figure  were  filled  with  a  substance  of 
uniform  heaviness.  The  following  are  the  most  useful  of  the  pro- 
cesses for  finding  centi-es  of  gravity. 

I.  If  a  body  is  Iiomogeneous,  or  of  equal  specific  gravity  through- 
out, and  so  fax  syminjetrvcal  as  to  have  a  centre  of  figure;  that  is,  a 
point  within  the  body,  which  bisects  every  diameter  of  the  body 
drawn  through  it,  that  point  is  abo  the  centre  of  gravity  of  tbe 
body. 

Amongst  the  bodies  which  answer  this  description  are,  the 
sphere,  the  ellipsoid,  the  circular  cylinder,  the  elliptic  cylinder, 
prisms  whose  bases  have  centres  of  figure,  and  parallelopipedfl^ 
whether  right  or  oblique. 

II.  The  common  centre  of  gramty  of  a  set  of  bodies  whose  seveial 
centres  of  gravity  are  known,  is  the  centre  of  pa/raUd  forces  for  the 
weights  of  the  several  bodies,  each  considered  as  acting  through 
its  centre  of  gravity.     (See  Article  98,  p.  144.) 

III.  If  a  homogeneous  body  be  of  a  figure  which  is  aymmietfvcal 
on  either  side  of  a  given  plane,  the  centre  of  gravity  is  in  that  plane. 
If  two  or  more  such  pUmes  of  symmetry  intersect  in  one  line,  or  axU 
of  symmetry f  the  centre  of  gravity  is  in  that  axis.  If  three  or  more 
planes  of  symmetry  intersect  each  other  in  a  point,  that  point  is 
the  centre  of  gravity. 
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lY.  To  find  the  centre  of  grayiiy  of  a  homogtneoua  body  of  any 
1igw9y  itfsume  three  rectangular  oo-ordinate  planes  in  anj  con- 
Tenient  position,  as  in  fig.  67,  p.  145. 

To  find  the  diatanoe  of  the  centre  of  gravity  of  the  body  from 
one  of  those  planes  (for  example,  that  of  Y  Z),  conceive  the  body 
to  be  divided  into  indefinitely  thin  plane  layers  parallel  to  that 
plana  Let  s  denote  the  area  of  any  one  of  those  layers,  and  dxi\A 
thickneaB,  so  that  a  dx  is  the  volmne  of  the  layer^  and 


=  jsdxy 


tibe  volmne  of  the  whole  body,  being  the  sum  of  the  volumes  of 
tiie  layers.  Let  x  be  the  perpendicular  distance  of  the  centre  of 
the  layer  sdx  from  the  plane  of  Y  Z.  Then  the  perpendicular 
distance  x^  of  the  centre  of  gravity  of  the  body  from  that  plane  ih 
given  by  the  equation 

«.=-^. ^ (1.) 

Rnd,  by  a  similar  process,  the  distances  y^,  z^  of  the  centre  of 
gnvity  from  the  other  two  co-ordinate  planes,  and  its  position  will 
be  completely  determined. 

If  the  centre  of  gravity  is  previously  known  to  be  in  a  particular 
plane,  it  is  sufiicient  to  find  by  the  above  process  its  distances  from 
two  planes  perpendicular  to  that  plane  and  to  each  other. 

If  the  centre  of  gravity  is  previously  known  to  be  in  a  particular 
line,  it  is  sufficient  to  find  its  distance  from  one  plane,  perpendicular 
to  that  line. 

^*  If  the  apecifiie  gravity  of  the  body  varies,  let  to  be  the  mean 
heaviness  of  the  layer  adx,  bo  that 

W=i  f  to  ados, 
is  the  weight  of  the  body.     Then 

0^.  =  ^%^ (2.J 

VL  Cen^  of  Gramty  found  by  Addition, — ^When  the  figure  of  a 
lK)dy  consists  of  parts,  whose  respective  centres  of  gravity  are 
Wwn,  the  centre  of  gravity  of  die  whole  is  to  be  found  as  in 
Guell 


LTERIAU  tSD  EnrXUCTUBE& 

ivity  /moid  fiy  Svblraetian. — ^When  ilie  fignn 
of  a  homogeneous  body,  vKoee  craitn  of 

'^  gravity  ie  sought,  can  be  made  bj  taking 
aw&j  a  figure  vhose  centra  of  gravi^  is 
known  irom  a  larf^  figure  whose  ccntoe 
of  gravity  is  known  also,  th«  following 
metjiod  may  be  used. 

Let  A  C  D  be  the  larger  fignr^  Qj  its 
known  centre  of  gravity,  Wj  its  weight. 
Let  A  B  E  be  the  smaller  figure,  whoM 
centre  of  gravity  G,  is  known,  W.  its 
weight.     Let  E  B  C  D  be  the  figure  whose 

is  sought,  made  by  taking  ftway  ABE  from 

ts  weight  is 

« in  the  prolongation  of  that  stTaight  line  be- 
e  Btnught  line  produced,  take  any  point  0  u 
.     Make  OGi^aJij  OG,=a!^  00,  (the  nn- 


.■^=^^-^?- w 

■aoitj/ Altered  6y  Trmupotition. — In  fig.  69, let 
A  B  0  D  be  a  body  of  the  weight  W. 
whose  centre  of  gtavity  G,  is  knowTL  Let 
the  figure  of  this  body  be  altered,  by  toans- 
posing  a  part  whose  'weight  is  Wj,  from  the 
position  E  0  F  to  the  position  F  D  H,  so 
that  the  new  figure  of  the  body  is  A  B  H  K 
Let  Qy  be  the  original,  and  Q^  the  new 
position  of  the  centra  of  gravity  of  die 
tnuuiposcd  part  Then  the  centra  of  gravity 
of  the  whole  body  will  be  shifted  to  Gj,  in 
a  direction  Go  G^  parallel  to  Gj  G|,  and 
through  a  distance  given  by  the  formula 

S^3=s;a!w **'^ 

n(jf  found  by  PrajeetioH  or  Tnnufomia&M. 
a  homogeneous  bodies  ara  parallel  projectioDs 
ires  of  gravity  of  tluiM  two  bodiea  are  aont» 
K  parallel  projectiona 
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To  express  this  symbolically^ — as  in  Article  101,  let  a?,  y,  «,  be 
the  co-ordinates,  rectangular  or  oblique,  of  any  point  in  the  figure 
of  the  first  body;  sdy  ^,  z',  those  of  the  corresponding  point  in  the 
second  body;  x„  y„  z„  the  co-ordinates  of  the  centre  of  gravity  of 
tlie  first  bo^;  9if„  i/„  sf^  those  of  the  centre  of  gravity  of  tibe  second 
body;  then 

^^^.  i±^l,  i^^L (5.) 

This  theorem  facilitates  much  the  finding  of  the  centres  of  gravity 
of  figures  which  are  parallel  projections  of  more  simple  or  more 
STDunetrical  figures. 

For  example,  let  it  be  supposed  that  a  formula  is  known  (which 
will  be  given  in  p.  167)  for 
finding  the  centre  of  gravity  of  a 
•ector  of  a  circular  disc,  and  let  it 
be  required  to  find  the  centre  of 
granty  of  a  sector  of  an  elliptic 
dist  In  fig.  70,  let  A  F  A  B*  be 
Uie  ellipee,  A  O  A  =  2  a,  and 
FO  »  =  3  6,itB  axes,  andC  OJy 
the  sector  whose  centre  of  gravity 
18  required.  About  the  centre  of 
the  dlipse,  O,  describe  the  circle, 
A  B  a6,  whose  radius  is  the  semi- 
uds  niajor  a.  Through  C  and  D' 
respectively  drawE  C  C  and  F  D'D, 
parallel  to  O  £,  and  cutting  the  circle  in  G  and  D  respectively;  the 
circular  sector  0  O  D  is  the  parallel  projection  of  the  elHptio 
sector  CT  0  D*.  Let  G  be  the  centre  of  gravity  of  the  sector  of  the 
circdar  disc,  its  co-ordinates  being 

OH  =  aj,;  ffG=:y^ 

Then  tibe  co-ordinates  of  the  centre  of  gravity  G'  of  the  sector  of 
tiie  elliptic  disc  axe 


Fig.  70. 


(rH=a/.=ic,;  \ 

ffG'=y,=^M^ 

a    ) 


(«.) 


X.  Cenfrs  of  Oraoity  fomd  ExperimentaUy.'-The  centre  of 
gi«vi^  of  a  body  of  moderate  size  may  be  found  approximately  by 
wtpenmcnt,  by  hanging  it  up  successively  by  a  single  cord  in  two 
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different  positions,  and  finding  the  single  point  in  the  body  whidi 
in  both  positions  is  intersected  bj  the  axis  of  the  corcL 

105.   EzamplM  Af  Welghto  aMd  CeatrM  •£  Grarltr*     {A,  M,f  83.)— 

The  following  examples  consist  of  formnke  for  the  weight,  and  the 
position  of  the  centre  of  gravity,  of  homogeneous  bodies  of  ihoee 
forms  which  most  commonly  occur  in  practice.  In  each  case  u?  de- 
notes the  heaviness  of  the  body,  W,  its  weight,  and  x^,  <fec.,  the  co- 
ordinates of  its  centre  of  gravity,  which  in  the  diagrams  is  marked 
G,  the  origin  of  co-ordinates  being  marked  O. 


A. — Prisms  and  Cylinders  with  Parallel  Bases. 

The  word  cylinder  is  here  to  be  taken  in  its  most  general  mean- 
ing, as  comprehending  all  solids  traced  by  the  motion  of  a  plane 
curvilinear  figure  parallel  to  itsel£ 

The  examples  here  given  apply  to  flat  plates  of  imiform  thick- 
ness. 

In  the  formulae  for  weights,  the  length  or  thickness  is  supposed 
to  be  unity. 

The  centre  of  gravity,  in  each  case,  is  at  the  middle  of  the  length 
(or  thickness);  and  the  formulse  give  its  situation  in  the  plane 
figure  which  I'epi'csents  the  cross  section  of  the  prism  or  cylinder, 
and  which  is  specified  at  the  commencement  of  each  example. 

I.  Triangle. — (Fig.  71.)  O,  any  angle.  Bisect 
opposite  side  B  C  in  D.     Join  A  D. 

2 


a;,  =  0G=3-0D. 


W  = 


w 


ODBCsin.^ODC 
2 


Fig.  71. 


Fig.  72. 


II.  Polygon, — Divide  it  into  triangles;  find 
the  centre  of  gravity  of  each ;  then  find  their 
common  centre  of  gravity  as  in  Article  104, 

Case  II.,  p.  152. 

IIL    TrapezoidL-^CFig.    72.) 
A  B  II  C  K 

Greatest  breadth,  A  B  =  B. 
Least  „         C  E  =  5. 

Bisect  A  B  in  O,  C  E  in  D; 
join  O  D. 

=—     ODA      1  B-6\ 
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W  =  tt?-OD-^^-siii.^DOB. 
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IV.  Trapezaid-^Secoiid8olutioTi.)—{¥jg,  73.) 
0,  point  vhere  inclined  sides  meet     Let  O  F 


-«.^^-^ 


W=w 


sin^^OFR 


(coten.^OAB  +  cotan.t-:OBA). 

V.  Parabolic  ffal/Segment, — 
(0  A  B,  ^.  74.)  _0,  vertex_of 
diameter  OX;  OA  =  aj.;  A  B 
=^1,  ordinate  |t  tangent  O  C  Y. 


**=T«i;yo=-ft  yi 


8 


2 


W=-to-a:iy^-sin.^XOT. 


Fig.  74. 


VI  Parabolic  SpandriL-^0  B  C,  fig.  74.)  G',  centre  of  gravity, 

3  3  1 

"•~10^'  y*=l  ^1'  W=^  woiy^-sin^r^XOY. 

VIL  Circular  Sector.^iO  A  C,  ^g.  75.)    Let  0  X  bisect  the 
•ngleAOC;  OYXQX 


Badins  0  A  =  r 

Half-arc,  to  radius  unity,  s^—^  =  4. 
2     sin^ 


AC 


"^•=T^    0 


;  y»=o. 


Rg.  75. 


W  =  u7r«^ 


HATEBIALS  INS  STRUCTUBBa 

ndar  Half-Segmmt.—{A.  B  X,  Fig.  75.) 


3      (-Bin  (cos*'*"  3(*-cOT*flii»<)     • 

lor  Spandnl.~{A.  D  X,  Fig.  75.) 

1  Bin'  I 
'^"3'"aaitt*-sia*oo8»-<" 

3  Bin*  4  -  2  Bin*  «  cos  (  -  4  un*  g 

*•"  3  ^ ' 2ain(-BinJcoB#-( ' 

■W=«jr''  fsinJ  — ^Bin  Jcos  '—2)' 

/^wy.— (iCFE,  Fig.75.)OA=r;  0E  =  *'. 

2  r»-r^  ain*  . 

W  =  to(r«-r^#. 
B  Sector,  Balf'SegmerU,  or  Spandrjl. — Centre  oi  gravity 
y  projection  from  tliat  of  corresponding  ciienUr  figiucu 
104,  Case  IX,,  p.  154. 

B.— WKDOE8. 
■al  Formula  far  Waiga.-~(Fig.  76.)    All  wedges  nuty 
<o  parts  such  as  the  figure  here  represented.     0  A  x, 
I  meetiog  in  the  edge  0  Y ;  A  X  Y,  cylindrical  (or  pR»- 
i  perpendicular  to  the 
:  O  X  A,  plane  triangle  . 

to  the  edge  OY;  OZ, 
luiartoXOY.    Let  OX 

=  «,.    Then«  =  5^: 
» — ^  fxydte 

jxydx  ijxydta  ^  "^ 


CENTRE  OF  GRAVITY. 


159 


(This  last  equation  denotes  that  G  is  in  the  plane  which  traverses 
0  Y and  bisects  AX) 

In  a  symmetrical  wedge,  if  O  be  taken  at  the  middle  of  the  edge, 
yt=0.  Snch  is  the  case  in  the  following  examples,  in  each  of 
▼hich,  length  of  edge  =  2  y^. 

XHL  Beckmgular  Fec^eL—(  =  Triang'ilar  Prism.)— (Fig.  77.) 


Fig.  77. 


HV.  Trimngtdar  Fe(^&-^s  Triangular  Pyramid) — (Fig.  78.) 


w    1  1 


XT.  SmdeLreulafr  ir«^&— (Fig.  79.) 
RadinsTrS:  =  OY  =  r. 


Fig.  78. 


Fig  79. 


XVL  AmmUirf  or  HdHow  Semunrcular  Wedffe. — (Rg.  80.) 
External  xadins,  r;  internal  /. 
2 


Fig.  80. 


0.  ^COHSB  AHD  FYaAJCnML 


I^  0  denote  the  apex  of  the  cone  or  pynunid^  taken  as  the 
origin,  and  X  the  centre  of  gravity  of  a  sappoeed  fbt  plate  whose 
loiddle  flection  coincides  with  the  base  of  the  oone^  or  pyramid* 
^  eenlzeof  gravitj  will  lie  in  the  axis  O  X. 
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Denote  the  area  of  the  base  by  A,  and  the  angle  which  it  makes 
with  the  axis  bj  0. 

XYH  Compute  Cone  or  Pyramid.— Let  the  height  OX  =  A; 

3  1 

XVm.  Truncated  Cone  or  Fi/ramid. — Height  of  portion  trail- 
cated  =  h\ 

3    A*  — A'*    _       1       ^  _     /,       h'^   .    , 


D. — Portions  op  a  Sphere. 

XIX.  Zone  or  Ring  of  a  Spherical  Shelly  bounded  by  two  oonicil 

surfaces  having  their  common  apex 
at  the  centre  O  of  the  sphere  (^<^  81). 

O  X,  axis  of  cones  and  zone. 

r,  external  radius  )  ri.ii 
V  .  .  T  J.  >  of  shell 
r ,  internal  radius  J 

.rfiiX0B  =  /3,       „       greater/ 


3  r*  —  r'*    cos  «  +  cos  3 

4  >  — rs'  2  • 

17  =,     ^^  ii^  —  r^j  •  fcos/3  —  cos«V 

XX  SeO&r  of  a  Eemisplierical  ShdL—{C  X  D,  fig.  82.)    0  Y 

1 


bisects  angle  DOC;^DOC  =  tf. 


_  3  .r*  — /^^  3x  r* 

*^—  8  V  — r'S'  ^®'"  16  *i^ 


—  r^ 


W  = 


2fiw 


^rS  — r''). 


Flg.SS. 


ICl 


106.  Bmpc—    if  lalCBsityt  Resaltant,  Centre*  and  lll*nicnt.      {A.  M.y 

86  to  89.) — ^The  word  Stress  has  been  adopted  as  a  general  term  to 
eomprehend  various  forces  which  are  exerted  between  contiguous 
bodies,  or  parts  of  bodies,  and  which  are  distributed  over  the  sur- 
fiuse  of  contact  of  the  masses  between  which  they  act 

The  Lttensitt  of  a  stress  is  its  amount  in  units  of  weight, 
diyided  by  the  extent  of  the  surface  over  which  it  acts,  in  units  of 
area. 

The  following  table  gives  a  comparison  of  various  units  in  which 
the  intensity  of  stress  is  expressed : — 

Pounds  on  the  Ponnds  on  the 

square  foot  square  inch. 

One  pound  on  the  square  inch, 144  i 

One  pound  on  the  square  foot, i  y|^ 

One  inch  of  mercury  (that  is,  weight 

of  a  column  of  mercury  at  32® 

Fahr.,  one  inch  high), 7o'73  o'49i 2 

One  foot  of  water  (at  39°-l  Fahr.),  62-425  o*4335 

One  inch  of  water  (at  39**'l  Fahr.),  5*2021  0*036 1 25 

One  foot  of  water  (at  62**  Fahr.), . . .  62 '355  0*43302 

One  inch  of  water  (at  62®  Fahr.),. ..  S"i9625  0*036085 
One  atmosphere,  of  29*922  inches 

of  mercury,  or  760  millimetres,  2116*4  14*7 
One  foot  of  air,  at  32®  Fahr.,  and 

under  the  pressure  of  one  atmo- 
sphere,    0*080728  0*0005606 

One  kilogramme    on    the  square 

m^tre,    0*20481  0*00142228 

One  kilogramme   on    the  square 

millimetre, 204810  1422*28 

One  millimetre  of  mercury, 2*7847  0*01934 

The  yarious  kinds  of  stress  may  be  thus  classed : — 
^  L  Thrud,  or  Pressure,  is  the  force  which  acts  between  two  con- 
tiguous bodies,  or  parts  of  a  body,  when  each  pushes  the  other  from 
itsell 

^  11  PtiC,  or  Tension,  is  the  force  which  acts  between  two  con- 
tigoons  bodies,  or  parts  of  a  body,  when  each  draws  the  other 
towards  itsell 

pRSBure  and  tension  may  be  either  normal  or  oblique,  relatively 
to  the  sor&oe  at  which  they  act 

IIL  Shear,  or  Tangential  Stress,  is  the  force  which  acts  between 
two  contiguous  bodies,  or  parts  of  a  body,  when  each  draws  the  other 
ttdeways,  in  a  direction  paraUel  to  their  surface  of  contact. 

In  expressing  a  Thrust  and  a  Pull  in  parallel  directions  algebrai- 


162 


ICATERIALS  AND  STBUCTUBBa. 


cally,  if  one  is  treated  as  positive,  the  other  must  be  treated  88 
negative.  The  choice  of  the  positive  or  negative  sign  for  either  is 
a  matter  of  convenience. 

The  word  ''Pressure/'  although,  strictly  speaking,  equivalent  to 
'* thrust,"  is  sometimes  applied  to  stress  in  general;  and  when  tliii 
is  the  case,  it  is  to  be  understood  that  thrust  is  treated  as  positive. 

The  following  are  the  processes  for  finding  the  Tnagniiude  of  Ik 
resuUarU  of  a  stress  distributed  over  a  plane  surface,  and  the  cenln 
of  stress;  that  is,  the  point  where  the  line  of  action  of  that  resultant 
cuts  the  plane  surface: — 

I,  If  the  stress  is  of  uniform  intensity/,  the  magnitude  of  its  re 
sultant  is  the  product  of  that  intensity  and  the  area  of  the  sui^ftoe; 
and  the  centre  of  stress  is  at  the  centre  of  gravity  of  the  suifiLce 
Or  in  symbols,  let  S  be  the  area  of  the  sur^lce,  p  the  intensity  of 
the  stress,  P  its  resultant,  then — 


P=2?S. 


.(1.) 


TL  If  the  stress  is  of  varying  intensity ,  hut  of  one  sign;  that  is, 
all  tension,  or  all  pressure,  or  all  shear  in  one  direction. 

In  5g.  83,  let  A  A  be  the  given  plane  surface  at  which  the  strea 
acts;  O  X,  O  y,  two  rectangular  axes  of  co-ordinates  in  its  plane; 

O  Z,  a  third  axis  perpendicular  to  that  plane. 
Conceive  a  solid  to  exist,  bounded  at  one  end 
by  the  given  plane  surface  A  A,  laterally  by  a 
cylindrical  or  prismatic  surface  generated  bj 
the  motion  of  a  straight  line  parallel  to  0  Z 
round  the  outline  of  A  A,  and  at  the  other 
end  by  a  surface  B  B,  of  such  a  figure,  that  its 
ordinate  z  at  any  point  shall  be  proportional  to 
the  intensity  of  the  stress  at  the  point  a  of  the  surface  A  A  from 
which  that  ordinate  proceeds,  as  shown  by  the  equation 


Fig.  83. 


p 

w 


.(2.) 


Conceive  the  surface  A  A  to  be  divided  into  an  indefinite  number 
of  small  rectangular  areas,  each  denoted  hj  dxdy,  and  so  small  that 
the  stress  on  each  is  sensibly  uniform;  the  entire  area  being 

S=  r  fdxdy. 

The  volume  of  the  ideal  solid  will  be 

V=  f  fz'dxdy, 

So  that  if  it  be  conceived  to  consist  of  a  material  whose  heavinefli 
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■  IPs-,  the  amoimt  of  the  stzeBB  "will  be  equal  to  the  weight  of  the 

nlid;  that  is  to  saj, 

T=j  jpdxdy^wY. (4.) 

ThteaOni^giras  is  the  point  on  the  smr&oe  A  A  perpendicohurij 
opposite  the  centre  of  gravity  of  the  ideal  solid. 

The  amplest^  and  at  the  same  time  the  commonest  caae  of  this 
1^  is  where  the  stress  is  unifarndy-varymg ;  that  is,  where  iti 
inteDsitf  at  a  given  point  is  simply  proportional  to  the  perpendicolar 
<hsksDce  of  that  point  from  a  given  straight  line  in  the  plane  of  the 
m&oe  A  A.  The  ideal  solid  is  now  either  a  wedge,  or  a  figure 
thst  cm  he  made  by  adding  and  subtracting  wedges;  so  that  the 
Rsaltant  and  centre  of  stress  are  to  be  found  by  the  methods  of 
Artide  105,  Cases  XIL  to  XYL,  and  Article  104,  Oases  IL  and 
^11  To  express  this  symbolically,  take  the  straight  line  in  qnes- 
tion  for  the  axis  O  Y ;  conceive  the  sor&ce  to  be  divided  into  bands 
bj lines  pandlel  to  O  Y;  let  y  denote  the  length  of  one  of  then 

hands,  and  dx  its  breadth,  so  that  y  Jo;  is  its  area,  and  S  =  \ydx 

the  area  of  the  whole  snr&oe.  Let  x  be  the  perpendicular  distance 
of  the  centre  of  a  band  from  the  Utvs  of  no  stress  O  Y,  and  let  the 
intensitj  of  the  stress  there  be 

jp=««; (5.) 

a  being  a  constant  co-efficient;  then  the  amount  or  resultant  of  the 
atressis 

P=  jpydx  =  ajxydx; (6.) 

tnd  the  perpendicular  distance  of  the  centre  of  stress  from  O  Y  is 

[pxydx      ala^ydx 

av,=  V-7-=         P— ^'•> 

Ipydx 

Examples  of  this  case  will  be  given  in  treating  of  the  picasufe  of 
water  and  of  earth,  and  the  stability  of  masonry. 

UI.  When  the  etress  is  of  anUrary  signs;  for  example,  pressure 
St  one  part  of  the  surCeu^  and  tension  at  another,  the  remltants  and 
centres  of  stress  of  the  pressure  and  tension  ve  to  be  found  8cp»- 
nitely.  Those  partial  r^ultants  are  then  to  be  treated  as  a  pair  of 
puaild  fioiroes  acting  through  the  two  respective  centres  of  stress; 
their  final  resultant  will  be  equal  to  their  difference,  if  any,  acting 
throi^h  a  point  found  as  in  Article  97,  Case  lY.,  p.  141. 

If  the  total  pressure  and  total  tension  are  equal  to  each  other, 
they  have  no  single  resultant  and  no  single  centre  of  stress :  their 
vnmUant  being  a  couple,  whose  moment  is  equal  to  the  total  sttev 


either  kind  mnltiplied  h 
iultant  of  ths  pressure 
iplea  of  this  case  -will  1 

107.   PrcMNK  Bwl  Bala 

Fluid  is  a  term  opposed 
d  gaseous  conditions  of 
|uid  and  the  gaseous  con' 
fmite  shape,  and  the  pt 
rfection  throughout  all  : 
iid. 

A  necessary  consequenc 
)Ie,  which  is  the  foundati 

I.  In  a  per/eel  fitad,  ut 
int  is  normal  to  th*  sarfa 
'  all  pontioTia  of  that  »wrj 
The  following  are  some  ' 
inciple : — 

II.  A  surface  of  equal  f 
yendiciUar  to  the  diredic 
t.  In  other  words,  the 
equal  intensity. 

III.  The  intensitij  of  t!te 
U fluid  mass  is  greater  th 
wutU  equal  to  t]ie  tceight 
'gfU  is  the  difference  of  d 

To  express  this  symbol! 
esBure  at  the  higher  of 
«iisity  at  a  point  whose 
Let  w  be  the  mean  h«a 
0  points  j  then 

a  gas,  such  ss  air,  to  vt 
a  liquid,  such  as  water, 
isidcred  in  practical  cast 
For  example,  let  the  upi 
sa  uf  water  where  it  is  e 
eric  pressure;  let  the  d 
face  be  given  in  feet,  a 
Pj  in  lbs.  on  the 

many  questions  relatir 
aosphere  may  be  left  out 
Hal  intensity  on  all  aid 
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baknoes  its  own.  action.  The  pressures  calculated,  in  sncli  cases,  is 
the  excess  of  the  pressure  of  the  water  above  the  atmospheric 
pressure,  which  maj  be  thus  expressed, — 

p'=|)j~P0=  62*4  a?  nearly. (3.) 

IV.  The  pressure  of  a  liquid  on  a  floaiing  or  immersed  body,  is 
equal  to  the  weight  of  the  volume  of  fluid  displaced  bj  that  body; 
and  the  resultant  of  that  pressure  acts  vertically  upwards  through 
the  centre  of  gravity  of  that  volume;  which  centre  of  gravity  is 
called  the  ^^ centre  ofhwoyancy^ 

Y,  The  pressure  of  a  liquid  against  a  plane  surface  immersed  in 
it  is  perpendicular  to  that  surface  in  direction :  its  magnitude  is 
equal  to  the  weight  of  a  volume  of  the  liquid,  found  by  multiplying 
the  area  of  the  sur&ce  by  the  depth  to  which  its  centre  of  gravity 
is  immersed. 

TL  The  centre  of  pressure  on  such  a  surface,  if  the  surface  is 
horisontal,  coincides  with  its  centre  of  gravity;  if  the  surface  is 
vertical  or  sloping,  the  centre  of  pressure  is  always  below  the  centre 
^  gravity  of  the  surface,  and  is  found  by  considering  that  the 
pressure  is  an  uniforTrdy-varying  stress,  whose  intensity  at  a  given 
point  varies  as  the  distance  of  that  point  from  the  line  where  the 
given  plane  surface  (produced  if  necessaiy)  intersects  the  upper 
sorfaoe  of  the  liquid. 

To  express  the  last  two  principles  by  symbols  in  the  case  in  which 
the  preesed  sur&ce  is  vertical  or  sloping,  let  the  line  where  the 
plane  of  that  surface  cuts  the  upper  surfiEice  of  the  liquid  be  taken 
as  the  axis  0  Y.  Let  0  denote  the  angle  of  inclination  of  the 
piessed  surface  to  the  horizon.  Conceive  that  surface  to  be  divided 
hy  parallel  horizontal  lines  into  an  indefinite  number  of  narrow 
liand&  Let  y  be  the  length  of  any  one  of  those  bands,  </x  its 
lw«Mith,  a:  the  distance  of  its  centre  from  OY;  then  ydx  is  its 
area,  xfoxki  the  depth  at  which  it  is  immersed;  and  if  to  be  the 
"^^eight  of  unity  of  volume  of  the  fluid,  the  intensity  of  the  pressure 
on  that  band  is 

p  =  wx^m6. (4.) 

The  whole  area  of  the  pressed  surface^  being  the  sum  of  the  areas 

of  all  the  bands,  hiB=  j  ydx;  the  whole  pressure  upon  it  is 

T^^  jpydx  =  wsm$  jxydx; (5.) 

The  mean  intensity  of  the  pressure  is 

p     jpydx  fxydx 
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be  distance  of  the  centre  of  p 
jxpyd, 


r  example,  let  the  sloping  pn 
Be,  or  the  back  of  a  reaervoii 
extend  from  the  surface  of  a 
iasured  along  the  slope,  bo  th 
ipth  x^  sin  I.  Then  ita  centr 
iBj  sin  f  -r  2,  and  the  mean  in 
[uare  foot,  is 


>  breadth  ^  is  constant;  so 
I  y;  and  the  total  pressure  ia 


i  distance  of  the  centre  of  pr« 

tt,  let  the  upper  edge,  instei 
,  be  at  the  distance  a^  from 

Xj  sin  i.  Then  the  centre  i 
lersed  to  the  depth  (x.-\-x^i 

presauie  upon  it,  in  lbs.  on  t 

ea  of  the  aur&ce  is  (x■^^  — Xj) 
I  distance  of  the  centre  of  pre 


Kidy  be  conceived  to  be  div 
traversing  it  in  any  direct 
two  parts  at  the  piano  of  divi 
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According  to  the  principles  stated  in  the  preceding  article,  the 
internal  stress  at  a  given  point  in  a  flaid  is  normal  and  of  equal 
intensity  for  all  positions  of  the  ideal  plane  of  division.  In  a  solid 
body,  on  the  other  hand,  the  stress  may  be  either  normal,  oblique, 
or  bearing;  and  it  may  vary  in  direction  and  intensity,  as  the  posi- 
tion of  the  ideal  plane  of  division  varies. 

If  the  direction  and  intensity  of  the  stress  at  a  given  point  in  a 
solid  mass  are  given  for  three  positions  of  the  plane  of  division, 
they  can  be  found  for  any  position  whatsoever.  It  is  unnecessary 
in  the  present  treatise  to  give  the  methods  of  solving  this  problem 
in  all  its  generality.  Certain  particular  cases  only  will  be  given, 
▼hich  are  useful  in  the  theories  of  the  stability  of  earth  and  of  the 
strength  of  materials. 

L  Conjugate  Stresses — Principal  Stresses. — ^If  two  planes  traverse 
a  point  in  a  body,  and  the  direction  of  the  stress  on  the  fii*st  plane 
is  pandlel  to  the  second  plane,  then  the  direction  of  the  stress  on 
the  second  plane  is  parallel  to  the  first  plane.  Such  a  pair  of 
stresses  are  said  to  be  conjugate;  and  if  they  are  both  normal  to 
Aeir  planes  of  application  (and  consequently  perpendicular  to  each 
other)  they  are  called  principal  stresses.  Three  conjugate  stresses, 
or  three  principal  stresses,  may  act  through  one  point;  but  in  the 
present  treatise  it  is  sufficient  to  consider  two. 

Fig.  84  represents  a  pair  of  conjugate  oblique  tensions  acting  in 
the  directions  X  X  and  Y  Y  through  a 
prismatic  particle  A  B  C  D. 

The  rectangular  directions  in  which 
principal  stresses — ^that  is,  direct  pulls 
and  thrusts — act,  through  a  given  point 
in  a  solid,  are  called  axes  of  stress. 

In  a  fluid,  the  stress  at  a  given  point 
being  of  equal  intensity  in  all  direc- 
tions, every  direction  has  the  property 
of  an  axis  of  stress.  A  solid  may  be 
in  the  same  condition  with  a  fluid  as  ^'^^  ^^• 

to  stress;  but  it  may  also  have  the  principal  stresses  at  a  given  point 
of  different  intensities.  In  a  mass  of  loose  grains,  the  ratio  of 
those  intensities  has  a  limit  depending  on  friction,  as  will  affcer- 
^wds  be  more  fully  explained  in  treating  of  the  stability  of  earth  : 
—in  a  firm  continuous  solid,  the  principal  stresses  at  a  point  may 
oear  any  ratio  to  each  other,  and  may  be  either  of  the  same  or  of 
^ippoHite  kinds. 

U-  The  Shearing  Stress,  on  two  planes  traversing  a  point  in  a 
«oUd  at  right  angles  to  each  other,  is  of  equal  intensity. 

IlL  A  Pair  of  Equal  and  Opposite  Prindpcd  Stresses;  that  is,  a 
and  a  thrust  of  equal  intensity  acting  through  a  particle  of  a 


.  in  directions  at  riglit  an 
lir  of  shearing  Btres&es  a 
es  at  right  angles  to  eacl 
,  the  first  pair  of  planes. 
T.  Combination  of  any  Tu 
EtOBLEH. — A  pair  of  priucij 
same  or  opposite  kinds,  b 
:tion  and  intensity  of  the  st 
as  to  the  plane  jmrallel  to 
at  0  X  and  0  Y  (figs.  85  ; 
cipal  stresses;  OXbeingi 
!t  j7|  be  the  intensity  of  th 
id  pg  that  of  the  lean. 


r%.  85. 
le  kind  of  stress  to  vhich 

be  distinguished  by  mean 
nsidered  as  poaitire,  a  thi 
vice  verad.  It  is  in  genera 
a  as  positive  to  'which  tl 

85  represente  the  case  i: 

;  fig.  86  the  case  in  whicl 
oil  owing  equations,  the  si{ 
Ki\;  that  ia  to  say,  Then 

applied  to  its  arithmetic 
equations,  is  to  be  reversed 
3t  A  B  be  the  plane  on 
rtion  and  intensity  of  the 
r  vith  the  axis  ol 
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On  0  N  take  0  M  =      o      i  *^  ^^  represent  a  normal  stress 

on  A  B  of  the  same  kind  with  the  greater  principal  stress,  and  of 
an  intensity  which  is  a  mean  between  the  intensities  of  the  two 
principal  Mrcssea 

Throngh  M  draw  P  M  Q,  making  with  the  axes  of  stress  the 
same  angles  which  O  N  makes,  but  in  the  opposite  direction;  that 
is  to  say,  take  SiP  =  WQ  =  MO,     On  the  line  thus  found  set 

off  from  M  towards  the  axis  of  greatest  stress,  MR  = --^-^. 

Join  0  R  Then  will  that  line  represent  the  direction  and 
intensity  of  the  stress  on  A  B. 

The  algebraical  expression  of  this  solution  is  easily  obtained  by 
means  of  the  formulsB  of  plane  trigonometry,  and  consists  of  the 
tvo  foUowing  equations : — 

*  A  A 

Intensity,  OHot  p  =  hj{p\  '  cos* a;n  +  ^  •  sin*  x n\  ...(1.) 
Angle  of  obliquity,  N  0  R  ornr 

=  arc  sin  •  f  8in2aj7i 'fll^I^j (2.) 

This  obliquity  is  always  towards  the  axis  of  greatest  stresa 
In  fi^  85,  py  and  p^  are  represented  as  being  of  the  same  kind  ; 
and  M  E  is  consequently  less  than  O  M,  so  that  O  R  falls  on  the 

aame  side  of  O  X  with  O  N;  that  is  to  say,  nr  .^^xtu     In  fig.  B>^y 
Pi  andjE?2  ^^  ^^  opposite  kinds,  M  R  is  greater  than  O  M,  and  O  R 

ialla  on  the  opposite  side  of  0  X  to  0  M;  that  is  to  say,  nrz^xn. 

The  locus  of  the  point  M  is  a  circle  of  the  radius    ■  ^     ^^> 

and  that  of  the  point  R,  an  ellipse  whose  semi-axes  are  pj^  and  p^, 
and  which  may  be  called  the  Ellipse  of  Stress,  because  its  semi- 
diameter  in  any  direction  represents  the  intensity  of  the  stress  in 
^t  direction. 
V.  Demotion  o/Frincipal  Stresses  by  a  Shearing  Stress, 
Problem. — Let  p,  and  p,  denote  the  original  intensities  of  a 
P^  of  principal  stresses  acting  at  right  angles  to  each  other 
through  one  particle  of  a  solid.     Suppose  that  with  these  there  is 
combined  a  shearing  stress  of  the  intensity  q,  acting  in  the  same 
plane  with  the  original  pulls  or  thrusts;  it  is  required  to  find  the 
^^ew  intensities  and  new  directions  of  the  principal  stresses. 
To  assiBt  the  conception  of  this  problemj  tiie  original  stresses 
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red  to  are  represented  in  fi^ 
_    the  form  of 


Kg.  87. 

ioQ  p,;  C,  0,  D,  D,  reprcM 
q,  as  actiug  at  the  four  face 
ills  shear  with  the  original  i 
rincipal  tensions,  oblique  to 
cipal  tension,  p^,  is  repreeen 
be  light  of  p,  through  an 
less  new  principal  tension  f 
sviates  through  the  same  an; 
hen  tlie  intensities  of  the 
equations, 


Pa 

the  double  of  the  angle 
tan  21 


2?      ■ 
P'—P,' 

he  greatest  value  of  i  is  45° 

he  faces  of  a  new  square  pri 

]9.    parallel  Prajfcllau  af  D 

ciples  of  parallel  projection  I 
oind  that  those  principles, 
e  to  lines  representing  the  i; 
es,  and  not  Oitir  intentUiea. 
of  a  system  of  distributed 
.ined  by  the  method  of  proje 
^ent  process  of  dividing  each 
«  over  which  it  is  distoibut* 
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110.  FHctiM  {A.  M.,  189,  190,  191)  is  that  force  which  acts 
between  two  hodies  at  their  sarfaoe  of  contact  so  as  to  resist  their 
sliding  on  each  other,  and  which  depends  on  the  force  with  which 
the  bodies  are  pressed  together.  It  is  a  kind  of  shearing  stress. 
The  fbUowing  law  respecting  the  Motion  of  solid  bodies  has  been 
uoertained  by  experiment : — 

Hia  friction  which  a  given  pair  of  solid  bodies,  with  their  surfaces 
in  a  given  conditum,  are  capable  of  exerting,  is  simply  proportional 
to  the  force  with  vjhich  they  are  pressed  together. 

If  a  body  be  acted  npon  by  a  force  tending  to  make  it  slide  on 
another,  then  so  long  as  that  force  does  not  exceed  the  amount  fixed 
bj  this  law,  the  friction  will  be  equal  and  opposite  to  it,  and  will 
bahince  it* 

There  is  a  limit  to  the  exactness  of  the  above  law,  when  the 
preasmre  becomes  so  intense  as  to  crush  or  indent  the  parts  of  the 
bodies  at  and  near  their  surface  of  contact.  At  and  beyond  that 
limit  the  friction  increases  more  rapidly  than  the  pressure;  but 
that  limit  ought  never  to  be  attained  in  any  structure.  For  some 
Bubstanoes,  especially  those  whose  surfaces  are  sensibly  indented  by 
a  moderate  pressure,  such  as  timber,  the  friction  between  a  pair  of 
mi&oes  which  have  remained  for  some  time  at  rest  relatively  to 
each  other,  is  somewhat  greater  than  that  between  the  same  pair  of 
Bur&ces  when  sliding  on  each  other.  That  excess,  however,  of  the 
fridion  of  rest  over  the  friction  of  motion,  is  instantly  destroyed  by 
a  alight  vibration;  so  tnat  the  friction  of  motion  is  alone  to  be  taken 
into  account,  as  contributing  to  the  stability  of  a  structure. 

The  friction  between  a  pair  of  surfaces  is  calculated  by  multiply- 
ing the  force  with  which  they  are  directly  pressed  together,  by  a 
Victor  called  the  co-efficient  of  friction,  which  has  a  special  value 
depending  on  the  nature  of  the  materials  and  the  state  of  the  sur- 
^oes.  Let  F  denote  the  friction  between  a  pair  of  suifaces ;  N, 
the  force,  in  a  direction  perpendicular  to  the  surfaces,  with  which 
they  are  pressed  together;  and /the  co-efficient  of  friction;  then 

F=/N (1.) 

The  co-efficient  of  friction  of  a  given  pair  of  surfaces  is  the  tan- 
gent  of  an  angle  called  the  angle  of  repose,  being  the  greatest  angle 
which  an  oblique  pressure  between  the  surfaces  can  make  with  a 
perpendicular  to  them,  without  making  them  slide  on  each  other. 

Let  P  denote  the  amount  of  an  oblique  pressure  between  two 
plane  sur&ces,  inclined  to  their  common  normal  at  the  angle  of 
repose  9;  then 

F=/N  =  Ntan<P  =  Psin(p=-.-^^. (2.) 

•  See  Addendum,  rp.  789  and  797. 
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*> 


Sicnov  IV. — Balance  and  StabilUy  of  Frames^  Chains^  Ribs,  and 

Blocks. 

{A.  M.,  137  to  211.) 

111,  A  Fffwae  is  a  sfcnicture  composed  of  bars,  rods,  links,  ol 
cords,  attached  together  or  supported  hj  joints,  s\ich  as  occur  in  car* 
pent^,  in  frames  of  metal  bars,  and  in  structures  of  ropes  and  chains, 
fixing  the  ends  of  two  or  more  pieces  together,  but  offering  littlo 
or  no  resistance  to  change  in  the  relative  angular  positions  of  those 
pieces.  In  a  joint  of  this  class,  the  ceTUre  of  resistance,  or  point 
throfogh  which  the  resultant  of  the  resistance  to  displacement  of  the 
pieces  connected  at  the  joint  acts,  is  at  or  near  the  middle  of  the 
joint,  and  does  not  admit  of  any  variation  of  position  consistently 
with  secoriiy. 

The  Line  of  Resistance  of  a  frame  is  a  line  traversing  the  centres 
of  resistance  of  the  joints,  and  is  in  general  a  polygon,  having  its 
angles  at  these  centres. 

112.  A  siBcie  Bar  in  a  frame  may  act  as  a  Tie,  a  Strut,  or  a 
Beak.    (.1.  if.,  138  to  142.) 

L  A  Tie  has  equal  and  directly  opposite  forces  applied  to  its  two 
ends,  acting  outwards,  or  from  each  other.  The  bar  is  in  a  state  of 
tension,  and  the  stress  exerted  between  any  two  divisions  of  it  is 
a  puUy  equal  and  opposite  to  the  applied  forces.  A  rope  or 
chain  will  answer  the  purpose  of  a  tie. 

The  equUtbrium  of  a  moveable  tie  is  stable;  for  if  its  angular  posi- 
tion be  deviated,  the  forces  applied  to  its  ends,  which  originally 
▼ere  directly  opposed,  now  constitute  a  couple  tending  to  restoi-e 
the  tie  to  its  original  position. 

n.  A  Stnit  has  equal  and  directly  opposite  forces  applied  to  its 
two  ends,  acting  inwards,  or  totoards  each  other.  The  bar  is  in  a 
itate  of  compression,  and  tibe  stress  exerted  between  any  two  divi- 
fions  of  it  18  a  thrust  equal  and  opposite  to  the  applied  forces.  It  is 
oimons  that  a  flexible  body  will  not  answer  the  purpose  of  a  strut. 

The  equilibrium  of  a  moveable  strvi  is  unstable;  for  if  its  angular 
position  be  deviated,  the  forces  applied  to  its  ends,  whicli  originally 
vere  directly  opposed,  now  constitute  a  couple  tending  to  inake  it 
deviate  still  farther  from  its  original  position. 

In  order  that  a  strut  may  have  stability,  its  ends  must  be  pre- 
vented from  deviating  laterally.  Pieces  connected  with  the  ends 
of  a  strat  for  this  purpose  are  called  stays. 

IIL  A  Beam  is  a  l»tr  supported  at  two  points,  and  loaded  in  a 
direction  perpendicular  or  oblique  to  its  length. 

Case  L — Let  the  supporting  pressures  be  parallel   to    each 
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Peoblkil — Given,  the  resultant  of  the  load  in  magnitude  and 
pOQtiony  P,  the  Hoe  of  action  of  one  of  the  supporting  forces,  Rj, 
and  the  centre  of  resistance  of  the  other,  Sgj  required,  the  line 
of  action  of  the  second  supporting  force,  and  the  magnitudes  of 
both 

Produce  the  line  of  action  of  B^,  till  it  cuts  the  line  of  action  of 
P  at  the  point  C;  join  C  Sgi  this  will  be  the  line  of  action  of  "R^; 
ooEBtnict  a  triangle  A  with  its  sides  respectively  parallel  to  thos^ 
three  lines  of  action;  the  ratios  of  the  sides  of  that  triangle  will 
give  the  ratios  of  the  forces. 

To  express  this  algebraically,  let  t^,  ig,  be  the  angles  made  by  the 
lioes  of  action  of  the  supporting  forces  with  that  of  the  resultant 
cf  the  load;  then 

P  :  Ei  :  Rg  :  :  sin  (i^  +  ig)  :  sin  tg  :  «in  i^. (4.) 

The  same  piece  in  a  frame  may  act  at  once  as  a  beam  and  tie,  or 
as  a  beam  and  strut ;  or  it  may  act  alternately  as  a  strut  and  as  a 
tie,  as  the  action  of  the  load  varies. 

The  load  tends  to  break  a  tie  by  teanng  it  asunder,  a  strut  by 
crushing  it,  and  a  beam  by  breaking  it  across.  The  power  of 
materials  to  resist  those  tendencies  will  be  considered  in  a  later 
section. 

113.  iNnribotod  liMidB.  (A,  M.y  147.) — Before  applying  the  prin- 
ciples of  the  present  section  to  firames  in  which  the  load,  whether 
external  or  arising  from  the  weight  of  the  bars,  is  distributed  over 
their  length,  it  is  necessary  to  reduce  that  distributed  load  to  an 
equivalent  load,  or  series  of  loads,  applied  at  the  centres  of  resist- 
ance.   The  steps  in  this  process  are  as  follows : — 

L  Find  the  resultant  load  on  each  single  bar. 

IL  Resolve  that  load,  as  in  Article  112,  equation  1,  p.  174,  into 
two  parallel  components  acting  through  the  centres  of  resistance  at 
the  two  ends  of  the  bar. 

III.  At  each  centre  of  resistance  where  two  bars  meet,  combine 
the  component  loads  due  to  the  loads  on  the  two  bars  into  one 
resnltant,  which  is  to  be  considered  as  the  total  load  acting  through 
that  oentre  of  resistance. 

IT.  When  a  centre  of  resistance  is  also  a  point  of  snpport,  the 
component  load  acting  through  it,  as  found  by  step  LL  of  the  pro- 
cess, is  to  be  left  out  of  consideration  until  the  supporting  foroe 
required  by  the  system  of  loads  at  the  other  joints  has  been  deter- 
mined; with  this  supporting  force  is  to  be  compounded  a  force 
ttjiukl  and  opposite  to  the  component  load  acting  directly  through 
t]»  feint  of  support,  and  the  resultant  will  be  the  total  supporting 


In  the  following  Articles  of  this  section,  all  the  frames  will  bo 
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A  frame  consisting  of  a  strut  and  a  tie,  when  the  direction  of  the 
load  inclines  towards  the  line  S^  Sg,  and  a  fittme  of  two  strats  in  all 
cases,  are  nnstahle  laterally,  unless  provided  with  lateral  stays. 

These  principles  are  true  of  any  pair  qfadjacerU  bars  tohose/artker 
eaUres  of  resistance  are  fixed;  whether  forming  a  frame  by  them- 
selves, or  a  part  of  a  more  complex  frame. 

115.  Triugaiar  FniMca.  (il.lf.,  148,149.) — ^Let  fig.  94  represent 
a  frame,  consisting  of  the  three  bars  A,  B,  C,  con- 
nected at  the  three  joints  1,  2,  3, — viz.,  C  and  A  at 

1,  A  and  B  at  2,  B  and  C  at  3.     Let  a  load  P^  be 
tpi^ied  at  the  joint  1  in  any  given  direction ;  let  _ 
sapporting  forces,  Pj,  P3,  be  applied  at  the  joints          p.    ^ . 

2,  3;  the  lines  of  adion  of  those  two  forces  must  '^' 
be  in  the  same  plane  with  that  of  Pj,  and  must  either  be  parallel 
to  it  or  intersect  it  in  one  point.  The  latter  case  is  taken  first, 
because  its  solution  comprehends  that  of  the  former. 

The  three  external  forces  balance  each  other, 
and  are  therefore  proportional  to  the  three  sides 
of  a  triangle  respectively  parallel  to  their  direc- 
tiona  In  fig.  95,  let  A  B  C  be  such  a  triangle, 
in  which 

C  A  represents  Pj, 
AlB  ...  P^ 
■BC        ...         P,,  Kg.  95. 

Draw  C  O  parallel  to  the  bar  C,  and  A  O  parallel  to  the  bar  A, 
meeting  in  the  point  O,  and  join  B  O,  which  will  be  parallel  to  B. 

The  lengths  of  the  three  Imes  radiating  from  O  will  represent  the 
stresses  on  the  bars  to  which  they  are  respectively  paiullel. 

When  the  three  external  forces  are  parallel  to  each  other,  the 
triangle  of  forces  A  B  C  of  fig.  95  becomes  a  straight  line  0  A,  as  in 
fig.  96,  divided  into  two  segments  by  the  point  B.     Let  straight 
hues  radiate  from  O  to  A,  B,  C,  respectively  parallel 
to  the  bars  of  the  frame;  then  if  the  load  0  A  be 
applied  at  1  (fig.   94),  A  B  applied  at  2,  and  B  C 
applied  at  3,  are  the  supporting  forces  required  to 
halance  it;  and  the  radiating  Imes  O  A,  O  B,  O  C, 
represent  the  stresses  on  the  bars  A,  B,  C,  respec- 
tively, afi  before.  \ 

From  O  let  fisJl  O  H  perpendicular  to  C  A,  the  \ 

common  direction  of  the  external  forces.     Then  that  ^ 

line  will  represent  a  component  of  the  stress,  which  is       ^^'  ^^* 
ef  equal  amount  in  each  bar.     When  C  A,  as  is  usually  the  case,  is 
vertical,  0  H  is  horizontal;  and  the  force  represented  by  it  is  called 
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Fig.  99. 


d  radiatiiig  lines  that  enclose  the  side  of  tiie  polygon  of  forces 
representing  the  force  in  qaestion. 

When  the  external  forces  are  parallel  to  eadi  other,  the  polygon 
of  forces  of  fig.  98  becomes  a  straight  line  A  D, 
as  in  fig.  99,  divided  into  8^:ment8  by  the  radiating 
lines;  and  each  s^ment  represents  the  external  force 
▼hich  acts  at  the  joint  of  the  bars  whose  lines  of  re- 
aistanoe  are  parallel  to  the  radiating  ^nes  that  bound 
the  segmentb  Moreover,  the  segment  of  the  line 
A  D  which  is  intercepted  between  the  radiating  lines 
panllel  to  the  lines  of  resistance  of  any  two  ban 
uikdker  contiffuous  or  noi,  represents  the  resultant  of 
the  external  forces  which  act  at  points  between  the  ban. 

Thas,  A  D  represents  the  total  load,  consisting  of 
the  three  portions  A  B,  B  C,  0  D,  applied  at  1,  2,  3, 
respectively.  DA  represents  the  total  supporting 
force,  equal  and  opposite  to  the  load,  consisting  of  the  two  portions 
B  Is  E  A,  appli^  at  4  and  5  respectively.  A  G  represents  the 
Rsoltant  of  the  load  applied  between  the  bars  A  and  C;  and 
Binularly  for  any  other  pair  of  bars. 

From  0  draw  O  H  perpendicular  to  A  D ;  then  that  line  repre- 
sents a  component  of  the  stress,  whose  amount  is  the  same  in  each 
bar  of  the  frame.  When  the  load,  as  is  usually  the  case,  is  vertical, 
that  component  is  called  the  "  horizontal  thrust "  of  the  frame, 
uid,  as  in  Article  114,  might  more  correctly  be  called  horizontal 
ftreu  or  resistance,  seeing  that  it  is  a  pull  in  some  of  the  bars  and 
a  thrust  in  others. 

The  trigonometrical  expression  of  those  principles  is  as  follows : — 

I^  the  force  O  H  be  denoted  simply  by  £L 

I^et  i,  i,  denote  the  inclinations  to  O  H  of  the  lines  of  resistance 
of  any  two  bars,  contiguous  or  not. 

liCt  H,  R',  be  the  respective  stresses  which  act  along  those  bars. 
^  Let  P  be  the  resultant  of  the  external  forces  acting  through  the 
J<nnt  or  joints  between  those  two  bar& 

Then 

P=H(tant=±=tant^; (1.) 


E  =  H-8ec»;  R'=Hseci'. (2.) 

The  <  ^^  I  of  the  tangents  of  the  inclinations  is  to  be 

««l,.oeordii.g«thejrare{<'?^}. 

p«irsMHavmMe.  (ii.if.,  151, 154.) — ^When  the  frame. 


117. 


uidmg 
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tiee  is  of  the  kind  which  admits  of  oscillaiian  to  and  fro  about  the 
position  of  eqailibrinm.  That  oscillation  may  be  injurious  in 
practice,  and  stays  may  be  required  to  prevent  it 

119.  Bnidas  •f  FraMM.  (^1.  Af.y  155.) — A  brace  is  a  stay-bar  on. 
which  there  is  a  permanent  stress.  If  the  distribution  of  the  loads 
on  tbe  joints  of  a  polygonal  frame,  though  consistent  with  its 
equilibrium  as  a  whole,  be  not  consistent  with  the  equilibrium  of 
each  har,  then,  in  the  diagram  of  forces,  when  converging  lines 
respectively  parallel  to  the  lines  of  resistance  are  drawn  from  the 
angles  of  the  polygon  of  external  forces,  those  converging  lines, 
instead  of  meeting  in  one  point,  will  be  found  to  have  gaps  between' 
them.  The  lines  necessary  to  fill  up  those  gaps  will  indicate  the 
fofces  to  be  supplied  by  means  of  the  resistance  of  braces.* 

The  resistance  of  a  brace  introduces  a  pair  of  equal  and  opposite 
forces,  acting  along  the  line  of  resistance  of  the  brace,  upon  the 
pair  of  joints  which  it  connects.  It  therefore  does  not  alter  the 
rtndlani  of  the  forces  applied  to  that  pair  of  joints  in  amount  nor 
in  position,  but  only  the  dtBtributic"*.  of  the  components  of  that 
resultant  on  the  pair  of  joints. 

To  exemplify  the  use  of  braces,  and  the  mode  of  determining  the 
stresBes  on  them,  let  fig.  100  represent  a  frame  such  as  frequently 


ooeoiB  in  iron  roofs,  consisting  of  two  struts  or  raflers,  A  and  E, 
and  three  tie-bars,  B,  C,  and  D,  form- 
ing a  polygon  of  five  sides,  jointed  at  ^^ 
1,  2, 3, 4, 5,  loaded  vertically  at  1,  and 

supported  by  the  vertical  resistance  of  c)  "^<^"^2l!I>'iiCl> 

a  pair  of  wdls  at  2  and  5.     The  joints    .^ 
3  and  4  having  no  loads  applied  to 
them,  are  connected  with   1   by  the 
Inoes  1 4  and  1  3. 

To  make  the  diagram  of  forces  (fig.  101),  draw  the  vertical  line 
S  A,  as  in  Artide  116,  to  represent  the  direction  of  the  load 
And  of  the  supporting  force& 

*  Thii  method  of  treaftang  hraeed  frames  contains  an  improvement  siup* 
eoMhy  Mr.  dflikliazwe&in  1867. 
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toC,and  OD  parallel  to  D.     Make  0D  =  00;  join  OD;  this 
line  wiU  be  parallel  to  the  brace  E,  and  perpendicular  to  O  A. 

Throagh  D  and  C  draw  Terti<»d  lines  D  B,  0  A  j  these,  being 
equal  to  each  other,  are  to  be  taken  to  represent  the  two  supporting 
pnvures  R ;  and  their  sum  D  B  +  A  C  will  represent  the  load  P. 
The  equal  tensions  on  0  and  D  will  be  represented  by  O  C  and 
OD,  and  the  thrusts  along  A,  B,  and  E,  by  O  A,  O  B,  and  C  D. 

The  polygon  of  external  forces  in  this  case  is  the  crossed  quad- 
ziktoal  A  C  D  B,  in  which  C  A  and  B  D  represent  (as  already 
stated)  the  supporting  pressures,  and  D  C  and  A  B  the  components 
of  the  load  P  respectively  parallel  and  perpendicular  to  the  brace 
£  When  A  and  B  are  horizontal,  and  E  vertical,  A  B  in  fig.  103 
vanishes,  and  B  D  and  C  A  coincide  with  the  two  halves  of  0  D. 

120.  BisMitT  •fa  TroM.  {A.  M,y  156,  157.)— The  word  6rus8  is 
applied  in  carpentiy  to  a  tnangular  frame,  and  to  a  polygonal  frame 
to  which  rigidity  is  given  by  staying  and  bracing,  so  that  its  figure 
diall  he  incapable  of  alteration  by  turning  of  the  bars  about  their 
jointiL  If  each  joint  were  ahsolvidy  of  the  kind  described  in  Article 
111,  that  is,  like  a  hinge,  incapable  of  offering  any  resistance  to 
•Henttion  of  the  relative  angular  position  of  the  bars  connected 
hy  it,  it  would  be  necessary,  in  order  to  fulfil  the  condition  of 
t^gidity,  that  every  polygonal  frame  should  be  divided  by  the  lines 
of  resistance  of  stays  and  braces  into  triangles  and  other  polygons, 
■0  arnmged  that  every  polygon  of  four  or  more  sides  should  be 
Borrounded  by  triangles  on  all  but  two  sides  and  the  included  angle 
si  £uihe8t  For  every  unstayed  polygon  of  four  sides  or  more,  with 
flexible  joints^  is  flexible,  unless  all  the  angles  except  one  be  fixed 
hj  being  connected  with  triangles 

Sometimes,  however,  a  certain  amount  of  stiffness  in  the  joints 
of  a  frame,  and  sometimes  the  resistance  of  its  bars  to  bending,  is 
lelied  upon  to  give  rigidity  to  the  frame,  when  the  load  upon  it  is 
tobject  to  small  variations  only  in  its  mode  of  distribution.  For 
example^  in  the  trass  of  fig.  104,  the 
tie-boun  A  A  is  made  in  one  piece,  or 
in  two  or  more  pieces  so  connected 
together  as  to  act  like  one  piece;  and 
put  of  its  weight  is  suspended  from 
Ife  joints  C,  C,  by  the  rods  CB,  CB. 
These  rods  also  serve  to  make  the  re-  ^fr  *^*' 

iistance  of  the  tie-beam  A  A  to  being  bent  act  so  as  to  prevent  tiie 
iferats  AC,  C C,  C  A,  from  deviating  from  their  proper  angular 
vntioDs,  by  turning  on  the  joints  A,  C,  C,  A.  If  A  B,  B  B,  and 
B  A,  were  three  distinct  pieces,  with  flexible  joints  at  B  B,  it  is 
oident  that  the  frame  might  be  disfigured  by  distortion  of  the 
foadiangleBCCB. 
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ordmates, — my  for  the  axis  of  y,  and  anj  oonTemeiit  point  in  it  for 
the  ofiigin  O;  let  the  axis  of  x  be  horiacnital,  and  in  the  plane  of 
the  fnmej  and  the  axis  c£z  horixontal,  and  in  the  phine  of  section. 

The  external  forces  applied  to  the  part  of  the  frame  at  one  side 
of  the  plane  of  section  (either  maj  be  chosen)  being  combined,  as 
in  Artide  99,  pi  146,  give  three  data — ^yiz.,  the  total  force  along 
«=2 *X;  the  total  force  along  y  =  Z ' T;  and  the  moment  of  the 
eoapk  acting  loond  «  =  M ;  and  the  bars  which  are  cut  by  the  plaue 
of  section  must  exert  resistances  capable  of  balancing  those  two 
forces  and  that  oonpla  If  not  more  than  three  bars  are  cat  by  the 
pbne  of  section,  there  are  not  more  than  three  unknown  quantities, 
and  three  relations  between  them  and  given  quantities,  so  that  the 
problem  is  determinate ;  if  more  than  three  bars  are  cut  by  the 
pkiie  of  section,  the  problem  is  or  may  be  indeterminate. 

The  formnlsB  to  which  this  reasoning  leads  are  as  follows : — Let 
X  he  positiye  in  a  direction  from  the  plane  of  section  towards  the 
put  ofthestractnre  which  is  considered  in  determining  :S  X,  2)  •  Y, 
and  M;  let+y  be  measured  upwards;  let  angles  measored  from 
0 26  towards  +  yy  that  is,  upwards,  be  positive;  and  let  the  Hues  of 
resistance  of  the  three  bars  cut  by  the  plane  of  section  make  the 
angles  tj,  t^,  «s,  with  x.  Let  n^^  n^  n^  he  the  perpendicular  dis- 
tances of  those  three  lines  of  resistance  from  O,  distances  lying 

upwards    I  ^^  Q     Y)eins  considered  as  <  ^^..      > . 
downwards  )  \  negative  J 

Let  Bp  B,,  B3,  be  the  resistances,  or  totrl  stresses,  along  the 
three  bars,  pulls  being  positive,  and  thrusts  negative.  Then  we 
have  the  following  three  equations : — 

S-XsILcost^+BjCosii  +  ByCostj;) 

2-Y  =  fLsinti  +  IUsiu4  +  Ksfflnv> 0) 

from  whidi  the  three  quantities  sought,  Rp  B^y  ^^  can  be  found. 

Speaking  with  reference  to  the  given  plane  of  section,  2  -  X  may 
be  called  the  normal  tiress,  2  'T,  the  shearing  tlress,  and  M,  the 
Pernod  offieaewrt^  or  bending  stress;  for  it  tends  to  bend  the  frame 
At  tiie  section  under  consideration.     M  is  to  be  considered  as 

I  £^^v    I  ^^^^"^'^^^^^^^^  ^  ^t  tends  to  make  the  frame  become  con- 

(downwanUL) 

Examples  of  the  application  of  this  method  will  be  given  in 
^Rating  of  lattice-beams  of  timber  and  iron. 

1^  ■■■■■wi  tfC  •  CThafai  mt  c«i^— A  loaded  chain  may  be  looked 
iipon  as  a  polygonal  frame  whose  pieces  and  joints  are  so  numerous 
^^  its  figure  may  without  sensible  error  be  treated  as  a  continuous 


red  from  tbe  lowcat  poiiit 
X=^XB=y;  tbca 

~ (2^) 

a  difoontail  eqnatdoB  vbich  eskblea  the  fiirm  ■■mwu.t  faj  the  oofd 
(or  "aare  of  equiliitriuai")  to  be  detomined  whoi  the  dutribauon 
«f  tl«  kwl  is  Imovn. 

124.  T*  Snw  ■  Chtt*  «f«|«nililB»     iiiiiili      Illy. 

Fbobldl — Let  H  and  K,  fig.  107,  be  the  two  pCRiits  of  soqien- 
■ioD  of  a  diain  imder  »  vertial  load;  let  the  dtttribatioa  of  th* 


1%  107.  FIS.1M. 

Itadbestna,  and  the  directioo  of  k  tangent  HL  tothe  ekatn  at 
OM  of  Sm  poiDta  of  nqienaioD;  it  ia  reqoirad  to  disv  appnan- 
waiiAf  the  figare  of  the  chain. 

find  the  ocntre  cf  gnTitr  of  the  eotbe  liMd,  and  let  O  L  be  a 
vatical  line  paHring  tiuvn^  it,  cutting  the  laM|.i  iil  H  L  ia  I& 
ima  R  L;  thu  will  be  the  tangent  to  the  chain  at  the  other  pMot 


Coooeivt  ii»  load  to  be  diriiled  into  any  eonrcment  n 
portioDf:  the  more  namerana  these  an,  the  dloaer  will  be  Uie 
^ifKOximation  to  the  reqaired  earre.  YutA  the  eentita  of  pKTitj 
»k  tboae  portiona,  and  let  F„  P^  4c.,  be  vettical  liiMa  pasng 
throogh  (hoee  ceBtres  of  gnn^. 

In  fig.  108,  dnw  the  votical  line,  or  »ade  o/loadt,  A  O,  wboaa 
whtde  length  rqweatarta  the  entire  load;  dinde  it  into  parte,  A  B 
or  1,  B  C  or  3,  kc,  representing  the  aerend  portions  m  tbe  load. 
"OaaoA  A  draw  A  O  panllel  to  L  H,  and  throng  a  draw  a  0 
■anIU  to  E  I^  enttiDg  eadi  other  in  O.  Fnxn  0  dnw  radiating 
liaai  0  B,  O  G,  Ac.  to  the  pointa  of  drrision  of  tbe  scale  of  loads. 

Than,  in  fig.  107,  ban  the  poud  <£  JntftarrtinM  a<  A,  or  E  I« 


P|,  draw  B  para] 
'section  of  B  and 
D,  nntil  the  "  funi 
polygon  is  compoM 
urn,  to  which  an  ap 
e  so  83  to  touch  thi 


J.  109,  be  the  lowe 
ed  between  A  and 
ontal  distance  bet 
tfised  hy  the  equatii 


e  p  is  a  constant  qi 
of  weight  per  ■unit 

for  example. 
this  case,  becaus) 

buted,  its  resultant 

;  and  the  curve  ae 

c  is  at  A. 

e  proportions  of  th 

are  as  follows : — 

':H:R       WX: 


e  focal  distance  of  I 


Bse  equations  ai«  & 
lurposes,  to  most  e: 
for  although  in  i 
OS,  the  platform  bd 
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points  in  each  cable  or  cbain;  nor  nniformlj  disturbed^  the  load 
irinDg  from  the  weight  of  the  cables  or  chains  and  of  the  suspend- 
ing rods  being  more  intense  near  the  piers;  yet,  in  most  cases 
vhich  occur  in  practice,  the  condition  of  each  cable  or  chain 
approaches  sufficiently  near  to  that  of  a  cord  continuously  and 
umfonnly  loaded  to  enable  the  preceding  equations  to  be  applied 
without  material  ^nor. 

The  following  solutions  of  some  useful  prablems  are  deduced  from 
these  equations : — 

Pjioblek  First. — Given  the  devcUians,  y^  j^  of  the  tuxf  points  of 
support  of  the  chain  above  its  lowest  pointy  and  cuso  the  horizontal  dis- 
^^w,  or  span  a,  betioeen  those  points  o/ support:  it  is  reqtdred  to  find 
the  horizontal  distaTices,  x^,  x^  of  ike  lowest  point  from  the  two  points 
of  support :  also  the  focal  distance  m. 

m= ; == (5.) 

When  uie  points  of  support  are  at  the  same  level, 

a              a^  /r  \ 

y,  =  y,;  a^  =  -;  fn=^iQ- (6.) 

Problem  Second. — Given  the  same  data,  to  find  the  indinations 
hf  ^  of  die  chain  at  the  points  of  support, 

fl?t  a  «i/o  a 

^hcn  ^1  =  ^2,  tanti  =  tant2=  -^ (8.) 

a 

Pboblek  Third. — Given  the  same  data^  and  the  load  p  per  unit 
ofUngtK :  required  the  horizontal  tension  H,  and  the  tensions  R^,  B^ 
^  the  points  of  support 

H  =  2ow»=  ^^- =; (9.) 

^  2y,  +  2y2  +  4^y,y2 


By,'      ^ 

ItoBLEU  Fourth. — Gmet 
'ength  of  the  chain. 
he  following  are  two  w 
ibolic  arc,  commencing  a 
rtlmatee  x  and  y  of  th< 
!r  in  terms  of  the  focal  i 
lier  extremity  of  the  arc 


.=X^+f)^ 


^  m  [tan  t '  sec  i 

he  length  of  the  chain  is 
y,  in  the  first  of  the  ah 
tutting  Xj  and  y^  in  the 
he  following  approxima 
ia  in  many  cases  Bufi 
posea: 


ch  gires  the  total  lengtb 
when  fi  =yy  this  beco 


HoBLEX  FuTR. — Given 
mall  elongation  of  ihe  ch 
U  depreuum  dj  of  the  lo 

d(,,± 

da 
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What  yi = y^  this  equation  becomes 

^  =  ?^» (17.) 

These  foTmuliB  serve  to  compute  the  depression  which  the  middle 
point  of  a  suspension  bridge  undergoes  in  consequence  of  a  given 
elongation  of  the  cable  or  chain,  whether  caused  by  heat  or  by 
tension. 

Pboblek  Sixth. —  Tojind  the  pressure  on  the  top  of  each  pier. 

When  the  piers  of  a  suspension  bridge  are  slender  and  vertical 
(as  ia  usually  the  case),  the  resultant  pressure  of  the  chain  or  cable 
on  the  top  of  the  pier  ought  to  be  vertical  also.  Thus,  let  C  E,  in 
fig.  109,  represent  the  vertical  axis  of  a  pier,  and  C  G  the  portion  of 
the  chain  or  cable  behind  the  pier,  which  either  supports  another 
division  of  the  platform,  or  is  made  fast  to  a  mass  of  rock,  or  of 
maaonry,  or  otherwise.  If  the  chain  or  cable  passes  over  a  curved 
I^te  on  the  top  of  the  pier  called  a  saddle,  on  which  it  is  free  to 
slide,  the  tensions  of  the  portions  of  the  chain  or  cable  on  either 
ade  of  the  saddle  will  be  equal;  and  in  order  that  those  tensions 
may  compose  a  vertical  pressure  on  the  pier,  their  inclinations  must 
he  equal  and  opposite.  Let  i  be  the  common  value  of  those  inclina-> 
tions;  R  the  common  value  of  the  two  tensions;  then  the  vertical 
pnasore  on  the  pier  is 

V  =  2R8int  =  2Htan*  =  2;?a;;  (18.) 

that  is,  twice  the  weight  of  the  portion  of  the  bridge  between  the 
pier  and  the  lowest  point,  A,  of  the  curve  0  B  A  D. 

But  if  the  two  divisions  of  the  chain  or  cable  D  A  C,  C  G,  which 
meet  at  0,  hetnade/ast  to  a  sort  of  truck,  which  is  supported  by 
rollers  on  a  horizontal  cast  iron  platform  on  the  top  of  the  pier, 
then  the  pressure  on  the  pier  will  be  vertical,  whether  the  inclina- 
tions of  the  two  divisions  of  the  chain  or  cable  be  equal  or  unequal ; 
and  it  \a  only  necessary  that  the  horizontal  components  of  their  ten- 
sion should  be  equal;  that  is  to  say,  let  t,  ^,  be  the  inclinations  of 
the  two  divisions  of  the  chain  or  cable  in  opposite  directions  at 
C,  and  B^  R',  their  tensions,  then 

R  =  Hsect;  R'  =  Hseoi'; 

V  =  Rsini  +  R'sint'  =  H(tanf  +  tan*0 (19) 


126.  flwvcMtoM  Bri4««wltli  Sloping  Boda.     (A.  Af,,    172.) — Let 

the  uniformly-loaded  platform  of  a  suspension  bridge  be  hung  from 
the  chains  by  paraUel  sloping  rods,  making  an  uniform  angle  j  with 
the  verticaL  The  condition  of  a  chain  thus  loaded  is  the  same  with 
that  of  a  chain  loaded  vertically,  except  in  the  direction  of  th^ 
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load ;  and  the  form  a 

ojcifl  paroUel  to  the  direction 

In  fig.  110,  let  C  A  represi 

ported  or  fixed  at  C,  and  hoi 


Fig- 110-  ]o 

Then,  by  the  principles  of  th« 
thin  load  irill  produce  &puU,  ] 
the  pUtfomt  betireen  X  and  I 
proportional  to  the  sides  of  t 
such  aa  the  triangle  0  £  H ;  t 


v:p:q 


■.GWiV 


Kext,  instead  of  ooimderi 
the  entire  vertical  load  V  bet' 

Let  P  represent  the  amount 
A  and  X,  and  Q  the  total  thi 
then, 

T  iP:Q:  :  C^  :  ( 

Tlie  oblique  load 'P:=V  bbcj 
A  and  B.  Being  uniformly  d 
in  F,  which  is  also  the  point 
BP;  and  the  ratio  of  the  ot 
H  along  the  chain  at  A,  and 
is  that  of  the  aidea  of  the  tria] 


P :H :E : :B 

The  cnrve  C  B  A  is  a  parabi 
nlined  suspension  rods ;  and  i( 
nat«s,  with  the  origin  at  A,  is 


irhere  m,  as  in  Article  123,  d 
bola,  given  by  the  equation 
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«=^^' (5.) 

t  and  y  being  the  oo-ordinates  of  anj  knoum  point  in  the  curve. 
The  length  of  the  tangent  B  P  s=  I  is  given  bj  the  following 
eqnAtion:^- 


«=  >^(^  +  yt  +  «y  .  sini)  (C.) 


Hence  are  deduced  the  following  formuls  for  the  relations  amongst 
Uie  forces  which  act  in  a  Buspenaion  bridge  with  inclined  rods : — Let 
V  now  be  taken  to  denote  the  inUndty  of  the  yertical  load  per  nnit 
of  length  of  hoiizontal  platform — ^per  foot^  for  example;  p  the  in- 
ieuaty  of  the  oUique  load;  q  the  rate  at  which  the  thrust  along 
thB  ^atfoim  increases  from  A  towards  H.    Then 

Yz=:vx;  \ 

T^px=:vx'aecj;  > (7.) 

Q^qx:=vx'tAnj;) 

_      «P     pa^     2pm      g.  -.  ,Q. 

^=%=V=^-=^*"*''^-^ ^^-^ 

-J      <P      2iH      ptx     vtxsecj  .^. 

y  x  y  y  ^   ' 

The  horizontal  pull  H  at  the  point  A  may  be  sustained  in  three 
different  ways,  viz. : — 

L  The  chain  may  be  a/nchored  or  made  fast  at  A  to  a  mass  of 
rock  or  masonry. 

II.  It  may  be  attached  at  A  to  another  equal  and  similar  chain, 
Bmilariy  loaded  by  means  of  oblique  rods,  sloping  at  an  equal 
angle  in  the  direction  opposite  to  that  of  the  rods  B  A,  Ac.,  so  that 
A  may  be  in  the  middle  of  the  span  of  the  bridge. 

in.  The  chain  may  be  made  fast  at  A  to  the  horizontal  platform 
A  H,  80  that  the  pull  at  A  shall  be  balanced  by  an  equal  and  oppo- 
site thrust  along  the  platform,  which  must  be  strong  enough  and 
stiff  enough  to  sustain  that  thrust.  In  this  case,  the  total  thrust  at 
any  point,  X,  of  the  platform  is  no  longer  simply  Q  =  j' »,  but 


=v(2i»-sec»i+a;-tanj) (10.) 


The  Ungih  of  the  parabolic  are,  A  B,  is  given  exactly  by  the 

o 


lowing  formube  :■ 
tlie  point  B  to  » 


lich,  vben  B  ct 
un  tlie  known  foi 


paraiboli' 


most  cttaes  vhic 
B  the  foUowlog  a 


The  formuls  of  i 
Qsion  bridges,  in 
.boiigh  not  exact] 

IS 7.   DeflMllsB  ■ 

id,  P,  be  fl^pliec 


Tg.  111. 
own,  and  to  be  c 
proposed  the  folh 
Problem. — W  be 
'  vertical  deprmai 
C,  the  pulU  aion 
mg  Ah. 

Because  W  ia  sm 
11  be  small,  and  t 
e  may  be  taken 
tl  be  nea/rly  a  pai 
A  C,  and  the  ta 
11  be  near  the  vei 
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bisected  in  D.  Hence  the  foUowiDg  solatdon  is  in  general  soffi- 
eiently  near  the  truth  for  practical  purposes.  Let  R^  K^  R„  be 
the  .tensions  of  the  tie  at  A,  D,  C,  respectiyeljy  and  H  the  horizontal 
thmst;  then 

W 

i 

The  difierenee  of  length  between  the  curve  A  D  Cand  the  straight 
fine  A  S  O  18  found  very  nearly  by  the  following  formula : — 


__         _       8    AB^DE? 

aT5C-AEC  =  5   — -^— 


1^ 

24 


A^ 


•^PTWV....(2.) 


If  £F  be  made  =  2DE,  FC  and  FA  will  be  approximately 
tangents  to  the  chain  at  C  and  A. 

128.  The  €)mMmmrj  {A.  M.,  175),  in  the  most  general  sense  of  the 
word,  is  the  curve  formed  by  a  chain  when  loaded  in  any  manner; 
but  "when  used  without  qualification^  its  application  is  usually 
lestricsied  to  the  case  of  a  chain  of  uniform  section  and  materiafy 
loaded  with  its  own  weight  only.  As  thus  defined^  the  catenary  has 
Che  following  properties: — 

I.  All  catenaries  are  similar. 

II.  The  Jigure  of  the  catenary  is  expi*essed  algebraically  by 
the  following  equation.  (See  fig.  112.) 
liet  A  be  the  vertex,  or  lowest  point  of 
the  catenary,  where  it  is  horizontal 
A  O  is  a  vertical  line,  called  the  parch 
wteier,  or  modulus  of  the  catenary,  on 
-wtdeh.  all  its  dimensions  depend;  let 
13ie  length  of  that  line  be  denoted  by 
m.     Take  O  for  the  origin  of  co-ordi-  ^-  ^^^• 

Let  B  be  any  other  point  in  the  catenary,  whose  abscissa, 


Itoiisontal  distanoe  from  0, 
«  nine  point  XB=y.     11 

the  ordinate  X  B 

thearo  ABsfs-Q 

tbe  absciwa  in  tenna  of  the 

a!=»»hyp.log.  I 

thearea,  AOXB=yy 

the  rate  of  aLope  at  the  poll 

j^=tan*=-B  I 
ax  2 


1  the  point  A,  ^  ^  m. 

On  B  X  as  a  hypothenoaa 
:TB,  in  whichXT  =  OA 
le  catenary  at  B,  and  will  b 

Through  B  drav  B  N  pe 
iced  in  H ;  B  N  is  equkl 

III.  The  tiuchaucal  proper 
hdtp  be  the  weight  of  an  n 


cal,  in  mot  w^r  calculated  b 
iti-lagarithuii,  or.  In  iu  abacnec,  be 
bis  of  comnwo  togaillhma  or  anti-ill 
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H,  the  hanjxmtel  tension  at  A  3  P,  the  vertical  load  between  the 
pomts  A  and  B ;  R^  the  tension  at  R     Then 

H=pm;  T=ps;  Ii=^^  +  l^=ptf; (2.) 

10  that  the  parameter  represents  a  length  of  chain  whose  weight  is 
equal  to  the  horizontal  tension ;  and  ^e  ordinate  X  B  =  y  at  any 
poaot  represents  a  length  of  chain  whose  weight  is  eqiial  to  the 
tension  at  that  point. 

IT.  PaoBLEif. — Given  two  points  in  a  catenary,  and  the  length  of 
dbm  hetween  them  ;  required  the  remainder  of  the  curve. 

Let  k  be  the  horizontal  distance  between  the  two  points,  v  their 
difference  of  level,  /  the  length  of  chain  between  them.  Those 
three  quantities  are  the  data. 

The  nnknown  quantities  may  be  expressed  in  the  following 
manner: — Let  «^,  y^y  be  the  co-ordinates  of  the  higher  given  point, 
and  #j  the  arc  terminating  at  it,  all  measured  from  the  yet  unknown 
Yoiex  of  the  catenary,  and  x^*  ^2*  ^2»  ^^^  corresponding  quantities 
for  the  lower  given  point. 

Then  the  parameter  m  is  to  be  found  by  a  series  of  approximations 
from  the  following  equation: — 

m  fef^  —  e''  ««^=  J^  —  ^; (3.) 

the  position  of  the  vertex  horizontally,  by  either  of  the  equations, 

snd  the  position  of  the  vertex  vertically  by  calculating  y  from  x 
sod  111  for  either  of  the  given  points. 

The  part  of  a  catenaiy  in  the  neighbourhood  of  the  vertex 
difEers  bat  little  in  figure  from  a  parabola  whose  focal  distance 
is  m  -^.  2,  half  the  modulus  of  the  catenaiy;  and  in  calculations  for 
practical  purposes  within  certain  limits,  the  parabola  may  be  used 
instead  of  the  true  catenaiy,  its  equation  being  more  simple. 

To  show  the  amount  of  the  difiference  between  those  curves,  the 
following  comparison  is  given,  in  which,  instead  of  the  finite  equa- 
tion of  the  catenary,  an  infinite  converging  series  is  substituted. 
The  oordinate  is  supposed  to  be  measured  from  the  point  O  in  fig. 
113,  at  the  distance  m  below  the  vertex. 


Ordinate 
oftiie 


Cktcnaxy;  y=m(l  +  g^,+^^+^,  +  &a)j 
I  Parabola;  yssm^l  +  j^j; 
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129.  Ccaire  •/ Oimritr  •€  n  Flexible  Smietnre.    (A,  M.,  176.) — In 

tverj  case  in  nrhich  a  perfectly  flexible  structure,  such  as  a  cord, 
a  chain,  or  a  funicular  polygon,  is  loaded  with  weights  only,  the 
figure  of  stable  equilibrium  in  the  structure  is  that  which  corres- 
ponds to  the  lowest  possible  position  of  the  centra  of  gravity  of  the 
entire  load.  This  principle  enables  all  problems  respecting  the 
equitibrium  of  vertically  loaded  flexible  structures  to  be  solved  by 
means  of  the  "  Calculus  of  Variations ;"  but  it  has  not  hitherto  been 
much  applied  to  practical  questions. 

130.  TniMfonmiUMi  •€  Fnia«s  «>d  ClitilM.    (A.M.,  166.)— The 

principle  explained  in  Article  101,  p.  150,  of  the  transformation 
of  a  set  of  lines  representing  one  balanced  system  of  forces  into 
another  set  of  lines  representing  another  system  of  forces  which  is 
also  balanced,  by  means  of  what  is  called  "  Parallel  Pbojectiok," 
heing  applied  to  the  theory  of  frames,  takes  the  following 
Ibnn: — 

If  a  frame  tokose  lines  of  resistance  constitute  a  given  figure^  he  hal- 
<aeed  under  a  system  of  external  forces  represented  by  a  given  System  of 
HmSj  then  will  a  frame  whose  lines  of  resistance  constitute  a  figure  which 
if  a  parallel  projection  of  the  original  figure,  be  balanced  under  a  system 
of  forces  represented  by  the  corresponding  parallel  projection  of  the  given 
tjfstem  of  lines;  and  the  lines  representing  the  stresses  along  the  bars  of 
the  new  frame  will  be  the  corresponding  parallel  projections  of  the  lines 
^presenting  the  stresses  along  the  bars  of  the  original  frame. 

This  theorem  enables  the  conditions  of  equilibriiun  of  any  un- 
srmmetrical  frame  which  happens  to  be  a  parallel  projection  of  a 
STininetrical  frame,  to  be  deduced  from  the  conditions  of  equili- 
brium of  the  symmetrical  fiume. 

The  principle  of  transformation  by  parallel  projection  is  applica- 
ble to  continuously  loaded  chains  as  well  as  to  polygonal  frames. 
For  instance,  the  bridge-chain  with  sloping  rods  of  Article  126, 
p>  191,  might  be  treated  as  a  parallel  projection  of  a  bridge-chain 
vitii  vertiod  rods,  made  by  substituting  oblique  for  rectangular 
oo-ordinate& 

The  algebraical  expressions  for  the  alterations  made  by  parallel 
projection  in  the  co-ordinates  of  a  loaded  chain  or  cord,  and  in  the 
foroes  applied  to  it,  are  as  follows : — 

In  the  original  figure,  let  y  be  the  vertical  co-ordinate  of  any 
point,  and  x  the  horizontal  co-ordinate.  Let  P  be  the  vertical  load 
applied  between  any  point  B  of  the  chain  and  its  lowest  point  A ; 

ietp=  ~  be  its  intensity  per  horizontal  unit  of  length ;  let  H  be 

^  horizontal  component  of  the  tension;  let  B.  be  the  tension  at 
the  point  B. 
Sappose  that  in  the  transformed  figure,  the  vertical  ordinate  y*i 


i  the  Tertical  load  F,  ■ 
changed  in  length  and 

b  for  each  horizontal 
rizontal  or  oblique  oo- 
[izon  (which  may  be  = 

jo  -  =  a.     Then  for 

wtituted  a  horizontal 
eted  in  the  game  propc 


rhe  original  tendon  al 
1  the  horizontal  t«nuc 
nation  to  H;  then 


i  the  ratios  of  those  tl 

P:H:R: 

t  R'  be  the  amoust  c 
Dcture,  corresponding 
rizontal  or  oblique  co-t 

B'=V 
F:H' 
a  alternative  dgns  z 
S}  ^  direction, 
the  inUntiiy  of  the  lot 
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1  if  a^  be  oblique,  and 
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fig:  113, 18  proportional  to  the  arc  A  B,  being  equal  to  a  rectangle 
irhoee  sides  are  respectively  the  modulus  m  =  O  A,  and  a  straight 
line  equal  to  the  arc  A  R  Hence  the  common  catenary  is  the 
curve  of  equilibrium  for  a  chain  supporting  a  load  which,  whether 
arising  from  its  own  weight  alone  or  from  other  weights  also^  is 
proportional  upon  any  given  arc  A  B  of  the 
chain,  to  the  area  enclosed  between  that  arc, 
the  two  ordinates  A  O  and  B  X,  and  the 
diredrix  O  X,  which  is  at  the  depth  m  below 
the  vertex;  the  irUendty  of  the  load  at  any 
point  B  being  proportional  to  the  ordinate 
3r  =  BX  This  condition  of  the  chain  may 
be  represented  to  the  mind  by  conceiving  the  ^ 

whole  load  to  consist  of  the  weight  of  an  uniformly  thick  sheet  of 
Bome  uniformly  heavy  substance,  bounded  above  by  the  catenary 
and  below  by  the  straight  line  O  X.  Let  to  denote  the  weight  of 
an  unit  of  area  (say  a  square  foot)  of  that  sheet;  then  in  the  Com- 
mon Catenary, 

the  horizontal  tension  H ^  to  *  0  A'  =: trm*; 

the  intcnsi^  of  the  load  at  B  =jt>  =  u?y=-^  («"  +  «"  "jj 

theloadbetweenAandB=P=ii? 'O  AXB  =  ii7/y  c^a;  I /-in 

tbe  tension  at  B  =  VP«+H*=u7my=^Ya  •+«""-). 

Now  suppose  a  curve  to  be  made,  such  as  is  represented  by  a  5  in 
%  113,  by  preserving  the  horizontal  abscissa  of  each  point  in  the 
chain,  but  altering  its  vertical  ordinate  in  a  constant  ratio :  so 
that 

OA  :0a:  :XB  :Xb; 
or  denoting  0  a  by  y^  and  X  5  by  ^ 

Then  the  new  curve,  or  Transformed  Catenary,  a  5,  is  the 
form  of  equilibrium  for  a  chain  so  loaded  that  the  load  on  any  arc 
a  6  is  proportional  to  the  area  O  a  6  X,  and  the  intensity  at  the  point 
b  to  the  ordinate  X  b.  In  the  transformed  catenary  all  the  hori- 
nntal  forces  remain  the  same  as  in  the  original  catenaiy;  while  all 
the  vertical  forces  are  altered  in  the  ratio  y;  :  m;  that  is  to  say, 


} 


(2.) 


lUTI 

The  horizontal 
endtfoftiieloadi 

the  load  betwee 

the  teosic 

course  of  the  &] 

and  a  point  of  mi} 
iJuiin.  For  this  j 
kIuIus  m,  "which  i 
=  O  a  be  the  ordi 
:t,  X  the  horizouttt 


hyp. 

princip&l  use  of 

,     (See  the  next  i 

.   Lluair   Archn  o 

.,  178.) — Conceive 
le  load  applied  t 
lution,  Hhall  act  ini 
le  cord  or  chain  ii 
ble  it  to  preserve 
ea  a  Ivntar  arch  or 
>f  the  original  cb 
along  the  rib  at  tt 
ear  arches  do  not  i 
em  are  applicable 
1  ribs,  in  a  mann 

the  propoBitionR 
ting  cords  or  cht 
ng  only  a  Ihnut 

principles  of  An 
in  general,  with  ( 
r  principles  of  Art 
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es  Tinder  vaiical  loads;  and  in 
17  H  in  the  fonnulie  representeft 
ndicukr  to  that  of  the  load. 
neitT  arch  under  an  nnifonu  load 
[bed  in  Article  125,  p.  188. 
ler  a  Tertical  load,  the  word  ui- 
of  the  arch  itedf,  and  the  word 
atradot,  to  denote  a  line  traveising  the  upper  ends  of  ordinates, 
drawn  upvardt  from  the  inteados,  of  lengtnB  proportional  to  the 
inteositiea  of  the  load. 

The  figure  of  equilibrium  for  a  linear  arch  vith  a  horizontal 
eitndoe  is  either  a  catenary  or  a  transformed  catenary  inverted; 
uid  the  equations  of  Article  131  are  applicable  to  the  determination 
of  its  figure  and  of  the  forces  which  act  in  it,  w  being  taken  to 
denote  the  weight  of  so  much  of  the  loading  material  as  is  contained 
ID  one  square  foot  of  the  area  between  the  extrodos  O  X,  fig.  113, 
md  the  introdos  A  B  or  a  6.  This  is  what  is  called  by  most 
Bcdiuiical  writers,  an  "  equilibnited  arch." 

The  principles  of  Article  130,  relative  to  the  transformation  of 
cordi  and  ehuns,  are  appli(»ble  also  to  linear  arches  or  ribs.  This 
nilject  will  be  further  considered  in  the  sequel 

133.  ciRabr  BIh  Ar  PlaM  Pwtfmn.    {A.   M.,  179.) — A  linear 
■rch,  to  resist  an  uniform  nonnal  pressure  from  vithout,  should  be 
drcular. 
In  Sg.  1 14,  let  A  B  A  B  be  a  circular  linear  arch,  rib,  or  ring, 


Kg.  lit 

ntre  is  O,  pressed  upon  from  without  by  a  normal  pressure 
m  intensity. 

er  that  the  inten^ty  of  that  preEeure  may  be  conveniently 
)  in  imits  of  force  per  unit  of  area,  conceive  the  ring  in 
to  represent  a  vertical  section  of  a  cylindrical  shell,  whose 
a  a  direction  peipendicnlar  to  the  plane  of  the  figure,  is 
Let  p  denote  the  intensity  of  the  external  pressure,  in 
ihe  square  foot;  r  the  radius  of  the  ring  in  feet;  T  the 


netted  ronnd  it,  wh 
in  lbs.  per  foot  of  lei 


to  my: — lh»  thrust r 
preetwe  it  thtprodi 
hy  the  radiui. 
uniform  normal  pre 
>f  a  fluid,  ia  dmilw  ti 
if  conjugate  preegure 
other,  of  equitl  inten 
ta),  and  let  p„  pp  be 
>rea8UTe  respectively; 


<  same  is  true  for  an; 
le  total  vertical  pr«a 
:erted  upon  one  quad 


rcb  baa  to  sustain  thi 
igate  thrusts  at  each  ' 
it  not  equal  to  each 
en  direction  will  be  i 
f  a  given  constant  t 
Ud  projectUma  of  the 
fluid  mass.  Hence 
ch  a  system  of  preeai 
projection  of  a  cite 
tions  which  must  exit 
rch  under  a  pair  of  o 
J  A' If,  B"  A"  B',  in 
from  the  circular  ri 
dimensjons  being  un 
ixpanded  (as  B'  B'), 
I  ratio  denoted  by  o: 
zoutal  eemi-Bxisf^th 
and  horizontal  co-oi 
lose  of  the  oorrespom 

D  D,  be  any  pair  of 
other,  tlieir  projei^oi 
llipw,  as  C<r,D'D'; 
to  a  tangent  at  the  e 
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Lei  P  be  the  total  vertical  pressarBy  and  H*  the  total  horizontal 
pnwiTey  on  one  qnadnnt  of  the  ellipse^  as  A'  K,  or  A"  B*;  P  ia 
also  the  Tertical  thrust  on  the  rib  at  "B  or  B",  and  H'  the  hoii- 
aontal  thnist  at  A'  or  A^ 

Then,  by  the  principle  of  transformation. 


P  =  P=T=pr;     )  .o. 

H'=cH  =  cT  =  c/ir;/ ^^'^ 


or,  iU  toUd  tknuis  are  at  the  axes  to  which  thej^  are  par^iUel, 

Further,  let  P  be  the  total  pressure,  parallel  to  any  semi- 
diameter  of  the  ellipse  (as  CIX  or  O'  D')  on  the  quadrant  D'  C  or 
B*  (T,  which  force  is  also  the  thrust  of  the  rib  at  C  or  C,  the 
extremity  of  the  diameter  conjugate  to  O  IX  or  O'  D*;  and  let 
(yD'orO"D"=f';  then 

P'=^P=l>r'; (3.) 

or,  the  total  tknuta  atre  {tetheeenUdiametere  to  which  they  areparaUel. 
Next,  let  p'g,  p'g,  be  the  intensUiee  of  the  conjugate  vertical  and 
hoiizontal  pressures  on  the  elliptic  arch ;  that  is,  of  the  ^  principal 
streuee.^  (Articles  109,  112.)  Each  of  those  intensities  being  found 
\fj  dividing  the  corresponding  total  pressure  by  the  area  of  the 
pJaae  to  which  it  is  normal,  they  are  given  by  the  following  equa- 
tion: — 

f       P      P      #       H^  ft  \ 

•  • 

80  that  ike  inUntiliu  of  the  principal  pressures  are  as  the  squares  of 
tie  axes  of  the  elUptie  rib  to  which  they  are  parallel 

Henoe,  to  adapt  an  elliptic  rib  to  uniform  vertical  and  horizontal 
piesBDTes,  the  ratio  of  the  axes  of  the  rib  must  he  the  square  root  of 
the  raUo  of  the  intensities  of  the  principal  pressures ;  that  is. 


OF 
OA 


•=«=\/J-; <'•> 


The  external  pressure  on  any  point  D'  or  D",  of  the  elliptic  rib 
is  directed  towards  the  centre,  O  or  O",  and  its  intensity,  per  unit 
of  area  of  the  plane  to  which  it  is  conjugate  (Of  O  or  O"  C),  is 
given  by  the  following  equation,  in  which  r"  denotes  the  semi- 
diameter  (O  jy  or  O*  D")  parallel  to  the  pressure  in  question,  and 
K  the  conjugate  semidiameter  (O'  O  or  O'  CT) : — 

P  r' 


e.t  ia,  the  inientiiy  of  th 
ameter  u  diredXy  at  that  < 

Let  p'  be  the  iuteiudty  of 
the  aemidiameter  r*.    Thi 

P'  '. 

At  is,  tfte  intensiliei  o/apai 
:  the  tquaret  of  the  conjuga 
etf  are  respectively  paralUI. 

135.  DtoMited  EUlrilB  BU 

b  to  the  sustaming  of  the 
&te  of  Btress  is  uniform,  th 
Lre  is  not  horizontal,  bul 
>rizon,  the  figure  of  th«  el 
rcle  by  the  Bubatitution  of 
In  fig.  115,  let  BAG  be 
xnal  presBures  are  normal 
liore ;  the  radius  being  r,  a 
1  a  quadrant,  being  as  bd 
>int  in  the  circle,  whose  a 
tntal,  ED=y.  Let  B*  A' 
»-ticaI  ordinates  are  the  : 


uh  horizontal  ordinate  is  i 
orizon  by  the  constant  au] 
orizoutal  ordinate  of  the  ci 


heik  for  the  Tertical  semid 
ibstituted  the  equal  vertio 
nd  for  the  horizontal  Ben 
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be  salatitiited  the  inclined  semidiameter  of  the  ellipse  C  B'  =  c  r, 
which  18  conjugate  to  tlie  vertical  semidiameter. 

The  forces  applied  to  the  elliptic  arch  are  to  be  resolved  into 
wiical  and  inclined  components,  parallel  to  O'  A'  and  C  B',  instead 
of  Tertical  and  horizontal  oomponenta  Let  F  denote  the  total 
feriical  pressare,  and  H'  the  total  inclined  pressure,  on  either  of 
the  elliptic  quadrants,  C  A',  A'F;  H'  is  also  the  inclined  thrust 
of  the  aich  at  A',  and  F  the  vertical  thrust  at  F  or  C     Then 

F  =  P  =  pr;          )  (2) 

H'  =  cH  =  cP  =  cpr;  / ^^ 

that  is  to  say,  those  forces  are,  as  before,  proportional  to  the 
i^anuters  to  iMch  they  are  pa/raUd, 

Let  |4  he  the  intensity  of  the  vertical  pressure  on  the  elliptic 
aicfa  per  unit  of  area  of  the  inclined  plane  to  which  it  is  conjugate, 
OF;  let  ^^  be  the  intensity  of  the  inclined  pressure  per  unit  of 
ana  of  the  vertical  plane  to  which  it  is  conjugate;  then 

^'^7rc  '^'=7  ='-P'  '= V  fc ^^' 

n  tittt,  aa  before,  the  iniensities  of  the  conjugate  pressures  are  as  the 
squares  of  the  diameters  to  which  they  a/re  paralld. 

The  thrust  of  the  arch  at  any  point  D'  is  as  before,  proportional 
to  the  diameter  conjugate  to  O'  D^ 

It  is  sometimes  convenient  to  express  the  intensity  of  the  verti- 
cal pressure  per  unit  of  area  of  the  Jiorizontal  projection  of  the  space 
over  which  it  is  distributed ;  this  is  given  by  the  equation 

?/,  •  secy=  —^ — ,; (4.) 

It  is  to  be  borne  in  mind  that  this  is  not  the  pressure  on  unity 
of  area  of  a  horizontal  plane  (which  pressure  is  inversely  as  the 
horizontal  diameter  of  the  ellipse,  and  directly  as  the  diameter  con- 
jugate to  that  diameter,  to  which  latter  diameter  it  is  parallel),  but 
the  pressure  on  that  area  of  a  plane  inclined  at  the  angle  j,  whose 
horizontal  projection  is  unity. 

The  following  geometrical  construction  serves  to  determine  the 
major  and  minor  axes  of  the  ellipse  B'  A'  G\ 

Draw  (ya^  and  =  O'  A^ ;  join  B' a,  which  bisect  inm;  in  B' a 

produced  both  ways  take  mp  =  m  q  =  (y  m;  join  O' p,  (yq;  these 
Hnes,  which  are  perpendicular  to  each  other,  aro  the  directions  of 
the  axes  of  the  ellipse,  and  the  lengths  of  those  axes  are  respectively 
equal  to  the  8^;ments  of  the  hnep  q,  viz.,  Wp  =  aq,  Wq  =  ap^ 


The  following  ia  the  i 
L  denote  the  major  ant 
Then 


The  angle  .^FCj 
iameter  C  B',  is  found 

according  as  that  axis 

136.    BIbi  ft>  K*na 

83,  319  A.}— The  con 
oint  where  the  preasui 
i.b  of  the  same  curvatu 
nd  hence  the  followi: 
rested  point  of  a  rib  it 
iCauUif  of  the  preatun 
y  {,  the  normal  preasui 
liruat  by  T, 

It  is  further  evident, 
^l!ie  rib,  the  thrust  mi 
ary  only  by  the  applic 
ad  lite  radius  of  curvat 

This  is  the  case  in  thf 
r  rib  8uit«d  for  sustai] 
onal,  like  that  of  a  1 
nizontal  plan& 

The  radius  of  curvati 
eing  invetsely  proporti 
iversely  proportional 
hich  vertical  ordinatef 

Infig.  U6,letT0"l 
ressnre  increases  at  an 
aliqi: 
e  crown  of  the  1 
earest  the  level  surfa 
rdinates  be  measured  f 
irnve  the  crown  of  th 


)  the  prea 
.  be  the  ci 
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90d 


iFcrdcal  ordinate,  and  O  Y=  X  C  =  y  the  horizoii  tal  otdinaie,  of  any 
pointy  C,  in  the  arch.    Let  O  A,  the  least  depth  of  the  aidi  bdov 


Fig.  116. 

the  level  sarface,  be  denoted  by  x^  the  radius  of  conrataie  at  the 
cn)vn  by  ^q,  and  the  radios  of  carvatare  at  any  point,  C,  by  ^ 

Let  w  be  the  weight  of  an  unit  of  volume  of  the  liquid,  to  whose 
preflBore  the  load  on  the  arch  is  equivalent.  Then  the  intensities  of 
the  external  normal  pressure  at  the  crown  A,  and  at  any  point,  C, 
M«  expressed  respectively  by 

p^zszwx^;  p  =  wx. (2.) 

The  thrust  along  the  rib,  which  la  a  constant  quantity,  is  given  by 

the  equation 

from  which  follows  the  following  geometrical  equation,  being  that 
which  characterizes  the  figure  of  the  aich : — 

«  e  =  «b  fa- (3.) 

When  x^  and  eo  are  given,  the  property 
of  having  the  radius  of  curvature  inversely 
proportional  to  the  vertical  ordinate  from 
s  given  horizontal  axis  enables  the  curve 
to  be  drawn  approximately,  by  the  junction 
of  a  number  of  short  circolar  arcs,  as  in  fig. 
117;  the  radius  of  each  short  arc  being 
inversely  as  the  mean  depth  of  that  arc 
hdow  O  Y.  The  curve  is  found  to  present 
Mnne  resemblance  to  a  trochoid  (with  which, 
however,  it  is  by  no  means  identical).  At 
a  certain  point,  B,  it  becomes  vertical, 
beyond  which  it  continues  to  turn,  until 
at  I>  it  becomes  horizontal ;  at  this  point 
its  depth  below  the  level  suiface  is  greatest, 
nd  its  radius  of  curvature  least  Then 
noending,  it  forms  a  loop,  crosses  its  former 
^vaae,  and  proceeds  towards  E  to  form  a  second  arch  similar 

p 


Fig.  117. 
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ibviooa  that  only  oni 
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ntical  load  above  a 


-"/: 


Ite  inclination  of  the  i 
irizontal  external  pre 
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the  specific  gravity  u 
)  surface  (see  Article 
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static  arch  expressed  bj  the  preceding  equations  are  thus  summed 
up  in  one  formula, — 

"  "  Jo  fiin »  2  :i  cos  I  ^     ' 

To  obtain  exact  expressions  for  the  horizontal  co-ordinate  y, 
▼bose  maximum  value  is  the  half-span  y^,  and  also  for  the  lengths 
of  arcs  of  the  curve,  it  is  necessary  to  use  elliptic  functions.  Those 
^noctions  are  so  little  studied  that  their  use  will  not  be  further 
adverted  to  here.  The  reader  is  therefore  referred,  for  further  infor- 
mation on  that  point,  to  the  papers  of  M.  Yvon- Villarceaux,  in  the 
Memoires  dea  Savans  dangers,  vol.  xiL,  and  in  the  Rews  de 
^Architecture  for  1845,  and  to  A  Manual  of  Applied  Mechamcs, 
pi  193. 

for  practical  purposes,  the  following  approximation  is  in  general 
sufficient:—- 

Pbobleil — Given  the  rise  F  A  :=  a  and  hcdf-apam,  F  B  ^  y,,  of 
&  proposed  hydrostatic  arch :  it  is  required  to  find  the  depth  of 
load  x^  at  the  crown,  and  the  radii  of  curvature,  ^q,  p^^  at  the  crown 
A  and  springing  B,  to  draw  the  arch,  and  to  compute  its  load  and 
thrust 

A  dose  approximation  to  atq  is  given  as  follows : — 

Let  6  =  yi  +  Zc-\  then 

!  ;  .(11.) 


Tlien  observing  that  «^  =  O  F  =  ar^+  a>  we  find,  from  equation 

Iv, 


*^~     3«,    -"       2(«o+a)'J 


as.) 


These  radii  being  known,  the  figure  of  the  arch  can  be  drawn 
approximately  by  small  circular  arcs,  as  in  fig.  117,  already 
described. 

The  load  on  the  half-arch,  and  the  thrust,  whicb  are  equal  to 
«ch  other,  are  now  to  be  computed  by  equation  7,  p.  210. 

A  mechanical  mode  of  drawing  a  hydrostatic  arch  is  based  oo 
^  &c^  that  its  figure  is  identical  with  one  of  the  '' elastic 


irves"  or  fonuB  assuD 
I.  M.,  310a.) 

The  accuracy  of  figu 
1  be  oscertaiDed  hy  tt 

Firgt,  the  spring  wh 

Secondl;/,  when  bei 
^ether,  it  should  ton 

A  apring  A  (fig.  1 1 


Fig.  IIS. 

le  upper  surface  of 
taume  the  figure  of 
roportion  of  riae  to  i 
a  the  ends  of  the  h 
ear  to  the  length  of  t 

1 37.   Tranafomml  n 

t  has  been  proposed. 
i^u-e  suited  to  sustaii 
la  will  be  shown  in  i 
f  a  pair  of  conjugate 
le  depth  below  a  giv< 
urallcl  to  the  horizo 
ertical  pi-essiire  a  cerl 
F  the  material,  and 
^quel.  In  what  folk 
lUed  the  conjugate  j 
ieepest  declivity,  wh 
orizontal,  coTijjufote  m 
ire  will  be  estimated 
le  pressure  parallel  tc 
hen  it  elopes,  or  to 
tiled  the  conjugate  pn 
nit  of  area  of  a  veiiit 
Let  p,  denote  the 
lat  of  the  conjugate 
le  figure  of  a  hydrc 
'  the  intensity  p,  ' 
f  preserving  all  th 
^;h,  and  changing  i 
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altered    in    the    conataat 

; (1) 

I  a  circular  ioto  an  elliptoc 
inging  b  &lt«red  in  the  ratio 

.  on  one-half  of  the  original 
■;  H  =  P  and  H',   their 

he  former  ia  horizontal,  an'' 
i  at  the  angle  j. 
!h  with  its  load  is  altered  it 
and  transformed  arches  he 


''  =  c*o 


...(2.) 


i-r.  (X  if.,  185, 187),  under 
ter,  being  given,  it  is  always 
izontal  or  sloping  preesurea, 
:eep  it  in  eqiulibrio.  These 
res. 

given  in  detail  is  that  in 
tontal,  and  the  load  synune- 
be  crown  of  the  arch,  A, 

izontal  pressure  against  the 
ig  is  the  graphic  solution  of 
we  rib. 


Fig.  ISO. 
raw  o  c  parallel  to  a  tangent 
ne  o  6  as  a  »eafe  o/ foat^,  on 
irtioal  load  supported  on  thfl 


a  HATEBUL 

ro  A  0.  Throwgb  A  draw  i. 
den  9  c  =  T  wilt  be  the  th 
be  horizoDtal  component  of 
reasUTB  wltvA  must  be  exoi 
■JomC. 

This  Bohition  is  expresse 
rigia  of  co-ordinates  in  Sg 
le  vertical  line  0  A  traTers 
tX  =  YC  =  a;andOY  = 
oint  C ;  so  that  if  i  is  the  in 
ne  0  c  in  fig.  120)  to  the  ho 

Then, 

H  =  P^  =Pcotan 


I II.— To  find  the 
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The  native  sign  prefixed  to  d'K  denotes  that  if  H  dimmMeg 
t»  ffohig  daumwardsy  as  ia  the  example  given,  pressure  is  required 
tbroogh  the  layer.  Through  those  layers  at  which  H  increases  in 
going  downwards,  either  tension  from  withottt,  or  pressure  Jrom 
within,  is  required  to  keep  the  rib  in  equilibrio. 

Probleh  IY. — ^To  find  the  greatest  horizontal  thrust^  and  the 
"point  of  rupture,"  and  "  angle  of  rupture." 

First  Solution. — ^By  a  graphic  process.  Through  o  in  fig.  120, 
draw  a  number  of  radiating  lines,  such  as  o  c,  o  c,  <&».,  parallel  to 
the  rib  at  variouB  points,  as  C,  G',  <j^,  and  find  as  in  Problem  I. 
and  III.,  the  lengths  of  those  lines  so  as  to  represent  the  thrust 
along  the  rib  at  the  several  points  0,  C,  <&c.  The  length  of  the 
horizontal  line  o  a,  representing  the  thrust  at  the  crown,  is  to  be 
calculated  as  in  Problem  II.  Through  the  points  a,  c,  </,  &c., 
thos  found,  draw  a  curve.  Find  the  point  d  in  that  curve  which 
is  furthest  from  the  scale  of  loads  oh;  then  the  horizontal  line 
dk^'Q^ will  represent  the  maximum  horizontal  thrust. 

Join  0  dj  and  find  the  point  D  in  fig.  119,  at  which  the  rib  is 
pwallel  to  0  d;  this  is  the  "  point  of  rupture,"  or  point  at  which 
the  horizontal  thrust  attains  a  maximum;  and  the  '^ angle  of 
rupture"  is  the  inclination  of  the  rib  at  that  point,  or  .^  d  o  aia. 
fig.  120,  which  will  be  denoted  in  the  sequel  by  t^. 

The  horizontal  plane  D  F  is  the  upper  boundaiy  of  that  part  of 
^e  spandril  which  exerts  the  maximum  horizontal  pressure  H^ 

Second  SohUion. — 'By  arithmetical  trials.  Compute,  as  in  Problem 
I-,  the  values  of  H  for  some  points  in  the  arch.  Between  the  point 
^hich  gives  the  greatest  value  of  H  in  the  first  set  of  trials,  and 
the  two  on  either  side  of  it,  introduce  intermediate  points,  for 
which  compute  the  values  of  H,  and  repeat  the  process  until  the 
point  of  rupture  is  found  with  the  desired  degree  of  exactness. 

Third  Solution, — By  the  differential  calculus  and  the  solution  of 
an  equation.  K  the  relations  between  x,  y,  and  P  can  be  expressed 
ly  equations,  make  the  expression  for  the  intensity  of  the  horizontal 
preasore  in  equation  4  equal  to  0 ;  and  by  solving  the  equation  so 
obtained,  deduce  the  position  of  D  and  the  values  of  i^  and  H(^ 
The  equation  to  be  solved  has,  in  most  cases,  two  roots,  one  of 
^hich  corresponds  to  the  crown  of  the  arch  A,  and  the  other  to 
the  required  point  D ;  but  it  is  easy  to  distinguish  between  them. 
If  there  are  more  than  two  roots,  they  indicate  a  set  of  points 
at  each  of  which  p,  =  0,  and  which  are  alternately  points  of 

{  Sub  }  J»«ria>'i*al  *1»™«*'  according ««  f^  is  {  ^J^*  } ' 
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Ho=i?r;  aJH  =  I (7.) 

Ab  to  semi-^IIiptic  arches  under  coDJugate  ttniform  pressures^  see 
Article  134,  p.  205. 

Example  III. — In  the  Hydrostatic  Arch^  as  in  ^z.  IIC,  Article 
136,  p.  209,  let  the  origin  of  co-ordinates  be  in  the  extrados 
abore  the  crown ;  then 

Ho=«.-^-i^*;«H  =  M^. (8). 

In  the  transformed  hydrostatic  or  geostatic  arch,  ath  ^  the  same 
tt  in  the  hydrostatic  ai-ch.  As  to  the  thrust,  see  Article  137, 
pi  213. 

Example  TV, — In  a  Semicircular  Rib  with  a  horizontal  extrados, 
let  r  be  the  radius  of  the  rib ;  let  the  origin  of  co-ordinates  be  at 
tlie  amtn  of  the  arch ;  let  m  r  be  the  height  of  the  extrados  above 
the  crown ;  and  let  vo  be  the  weight  of  each  unit  of  vertical  area 
of  the  load. 

The  intensity  of  the  horizontal  pressure  through  a  given  layer 
of  the  spandril  is, 

(,    ,                  .      i — cost  sin  t\  .^  . 

1  +  m-cost 2-^8-—; (^'^ 

The  angle  of  rupture  i^  is  foxmd  by  solving  the  transcendental 
equation, 

ft  =  0, (10.) 

This  is  to  be  done  by  successive  approximations ;  and  as  a  first 
«{i|nroximation  may  be  taken 

1^  =  arc  *  cos ^ —  approximately.  (10  A.) 

The  maximum  thrust  is  given  by  the  formula 

H,=«r2  |(l+m)coato-^^-'^J^J  ;(11.) 

and  the  depth  of  its  resultant  below  the  crown  of  the  arch  by  the 
fimnnla 

«n=   xx'  I,    fts^^»(l — QO%i)di (12.) 

Example  Y. — ^In  a  Circular  Segmental  Bib  with  a  horizontal 
'^Ktadofl^  let  t|  be  the  inclination  of  the  arch  at  the  springing 


the  vertical  load 
a  be  as  in  the  laat  ( 
ihe  angle  of  ruptun 
1.— io  >  <*r  =  *i. 

Ho  =  P,  cot 

2.— io  <  tj.     Find 

( 

ttix  YI. — Setni-di 
'e  a  semicircular  I 
li-elliptic  rib,  and 
and  find  H^  and  a 
H  for  the  semi-ellij 
e  found  hy  the  pi 
205. 

best  form,  howevi 
atic  arch,  which  bu 
ited  for  it 

PalBlcd  Rib. — If  I 

two  arcs, 
^, — +■     necessary 

^centl■ated 
would  be 
A  C,  C. 
"  respective 
.  121.  two  portie 
er  the  head  of  "  M 
rcumstances  that  ci 
3  arches. 

BUbUliT  »f  Block*. 

7  of  a  single  bloc 
oint  may  be  thus  st 

^ ^      BB  pa 

?~.T.  Cits  CI 
/YT        the  wh 

Vy  N  C,  1 
^^^•^^^  parallel 


STABILITY  or  BLOCKS.  219 

Mmdiif  cf  the  preuure  must  not  exceed  ilie  angle  of  repose  (see 
Article  llOy  p.  ifl),  that  is  to  saj, 

^  P  C  N^^ (i.) 

n.  In  order  that  the  block  may  he  in  no  darvjer  of  overturning,  tlie 
ratio  which  the  deviation  of  Hie  centre  ofpi'esb^re  from  Hie  centre  of 
figure  of  the  joint  hears  to  the  length  of  tJie  diameter  of  tJve  joint 
traversing  those  two  centres,  must  not  exceed  a  certain  fraction.  The 
Tilae  of  that  fraction  varies,  according  to  circumstances,  which 
vill  be  explained  in  treating  of  Masonry,  from  one-eighth  to  three- 
eighths. 

The  first  of  these  conditions  is  called  that  of  stability  offrictiony 
the  second,  that  of  stability  of  position. 

In  a  stracture  composed  of  a  series  of  blocks,  or  of  a  series  of 
oonrses  so  bonded  that  each  may  be  considered  as  one  block,  which 
blocks  or  courses  press  against  each  other 

at  plane  joints,  the  two  conditions  of  ^^yr^A^-^i^ 

stabiUty  must  be  fulfilled  at  each  joint. 

Let  fig.  123  represent  part  of  such  a 
structure,  1,  1,  2,  2,  3,  3,  4,  4,  being 
some  of  its  plane  joints. 

Suppose  the  centre  of  pressure  Cj  of 
the  joint  1.  1,  to  be  known,  and  also  the 
amount  and  direction  of  the  pressure,  as 
indicated  by  the  arrow  traversing  Cj.  ^'o-  ^23. 

With  that  pressure  combine  the  weight  of  the  block  1,  2,  2, 1, 
together  with  any  other  external  force  which  may  act  on  that  block ; 
the  resultant  will  be  the  total  pressure  to  be  resisted  at  the  joint 
2,  2,  which  will  be  given  in  magnitude,  direction,  and  position,  and 
^U  intersect  that  joint  in  the  centre  of  pressure  Cg.  By  continu* 
ing  this  process  there  are  found  the  centres  of  pressure  Cg,  C^,  &a, 
of  any  number  of  successive  joints,  and  the  directions  and  magni- 
tades  of  the  resultant  pressures  acting  at  those  joints. 

The  magnitude  and  position  of  the  resultant  pressure  at  any  joint 
"whatsoever,  and  consequently  the  centre  of  pressure  at  that  joint, 
nay  also  be  found  simply  by  taking  the  resultant  of  all  the  forces 
▼hich  act  on  one  of  the  paiiis  into  which  that  joint  divides  the 
strnctore. 

The  centres  of  pressure  at  the  joints  are  sometimes  called  centres 
rf  resistance.  A  line  traversing  all  those  centres  of  resistance,  such 
ssthe  dotted  line  K  B,  in  fig.  122,  has  received  from  Mr.  Moseley 
the  name  of  the  **line  of  resistance;"  and  that  author  has  also 
shown  bow  in  many  cases  the  equation  which  expresses  the  form  of 
that  line  may  be  determined,  and  applied  to  the  solution  of  useful 
problems. 
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Section  V. — Of  the  Strength  of  Afatenals  in  General. 


142.— flCffmlB*  fltrcM,  Strength,  Working   IiwUU      (A.  M.,   244.) — 

The  present  section  contains  a  summary  of  the  principles  of  the 
strength  of  materials  so  far  as  they  relate  to  questions  which  arise 
in  designing  structures.  The  rules  are  given  without  demon- 
stration, in  as  small  compass  as  possible,  in  order  to  save  the 
necessity  of  referi-ing,  in  ordinaiy  cases,  to  more  bulky  treatises ; 
and  are  almost  all  abstracted  and  abridged  from  the  treatise  already 
feferred  to  on  Applied  Mechanics,  Part  II.,  Chapter  III. 

The  load,  or  combination  of  external  forces,  which  is  applied  to 
any  piece  in  a  stmcttire  produces  strain,  or  alteration  of  the 
volmnes  and  figures  of  the  whole  piece,  and  of  each  of  its  particles, 
which  is  accompanied  by  stress  amongst  the  particles  of  the  piece, 
being  the  combination  of  forces  which  they  exert  in  resisting  the 
tendency  of  the  load  to  disfigure  and  break  the  piece.  If  the  load 
is  oontinnally  increased,  it  at  length  produces  either  fracture,  or  (if 
the  material  is  very  tough  and  ductile)  such  a  disfigurement  of  the 
piece  as  is  practically  equivalent  to  fracture,  by  rendering  it  useless. 

The  iitfauiie  nmngth  wt  Breaking  Eioad  of  a  body  Is  the  load 
required  to  produce  fracture  in  some  specified  way.  The  iProof 
fltmigKk  ev  Preof  ijood  is  the  load  required  to  produce  the  greatest 
fitnin  of  a  specific  kind  consistent  with  safety;  that  is,  with  the 
retention  of  the  strength  of  the  material  unimpaired.  A  load 
exceeding  the  proof  strength  of  the  body,  although  it  may  not 
produce  instant  firacture,  produces  fracture  eventually  by  long- 
oontinued  application  and  frequent  repetition.* 

The  Weiking  i4«nd  on  each  piece  of  a  structure  is  made  less  than 
the  proof  strength  in  a  certain  ratio  determined  by  praotical  ex* 
perienoe,  in  order  to  provide  for  unforeseen  contingencies. 

*  A  aeriet  of  experimeoto  on  the  effect  of  the  frequent  application  and  removal  of 
a  load,  irere  made  bj  the  Commissioners  on  the  Application  of  Iron  to  Bailway 
SUacHim,  the  general  lesnlts  of  which  were  as  follows: — 

When  cast  iron  ban  were  ezpoeed  to  successive  transverse  blows,  each  blow 
piodndng  otu^ird  of  the  ultimate  deflection  (or  deflection  immediately  before  break- 
fag),  thejr  bore  4,000  such  blows  without  having  their  strength  impaired ;  but 
wtai  the  force  of  each  blow  produced  ont-haif  of  the  ultimate  deflection,  eveiy 
bar  bfoka  before  feeeiving  the  4,000th  blow. 

When  cast  Iran  ban  were  exposed  to  successive  deflections  by  means  of  a  cam,  of 
mi^^nrd  of  the  ultimate  deflection,  they  bore  100,000  such  deflections  without 
baring  their  stnogth  impaired;  but  when  each  deflection  was  one-haJf  of  the 
altimste  deflection,  the  ban  broke  with  fewer  than  900  deflections. 

**1b  wrought  iron  ban,  no  perceptible  effiect  was  produced  by  10,000  successive 
Mectioiia,  by  meana  of  a  revolving  cam,  each  deflection  being  duo  to  half  the  weight, 
viddi,  when  applied  statically,  produced  a  large  permanent  deflection.*' 

A  mm  aeries  of  experiments  oo  the  eflfoct  of  vibratory  action  and  long-oontinoad 
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When  tBe  working  load  is  partly  dead  and  partly  live,  multiply 
each  part  of  the  l<»d  by  its  proper  factor  of  safety,  and  add 
tc^ether  the  products ;  the  sum  will  be  the  ultimate  or  breaking 
Jotd  to  which  the  piece  or  stnicture  is  to  be  adapted. 

144.  The  PM«r  or  Testing  by  experiment  of  the  strength  of  a 
piece  of  material  is  to  be  conducted  in  two  different  ways,  accord- 
ing to  the  object  in  view. 

L  If  the  piece  is  to  be  aftenoarda  tisedy  the  testing  load  must  bo 
80  limited  that  there  shall  be  no  possibility  of  its  impairing  the 
strength  of  the  piece;  that  is,  it  must  not  exceed  the  proof  strength, 
being  from  one-third  to  one-half  of  the  ultimate  strength.  About 
doable  of  the  working  load  is  in  general  sufficient.  Care  should 
he  taken  to  avoid  vibrations  and  shocks  when  the  testing  load  ap- 
proaches near  to  the  proof  strength. 

IL  If  the  piece  is  to  be  sacrificed  for  the  sake  of  ascertaining  the 
•trength  of  the  material,  the  load  is  to  be  increased  by  degrees 
until  the  piece  breaks,  care  being  taken,  especially  when  the  break- 
ing point  is  approached,  to  increase  the  load  by  small  quantities  at 
a  ^e,  so  as  to  get  a  sufficiently  precise  result. 

The  proof  strengUi  requires  much  more  time  and  trouble  for  ita 
detormination  thaji  the  ultimate  strength.  One  mode  of  approxi- 
mating to  the  proof  strength  of  a  piece  is  to  apply  a  moderate  load 
md  lemove  it,  apply  the  same  load  again  and  remove  it,  two  or 
tiiree  times  in  succession,  observing  at  each  time  of  application  of 
the  load,  the  strain  or  alteration  of  figure  of  the  piece  when  loaded, 
hj  stietching,  compression,  bending,  distortion,  or  twisting,  as  the 
cue  may  be.  If  that  alteration  does  not  sensibly/  increase  by  re- 
peated applications  of  the  same  load,  the  load  is  within  the  limit 
of  proof  strength.  The  effects  of  a  greater  and  a  greater  load  being 
racceaKiTely  tested  in  the  same  way,  a  load  will  at  length  be 
reached  whose  successive  applications  produce  increasing  dii^gnre- 
ments  of  the  piece ;  and  this  load  will  be  greater  than  the  proof 
strength,  which  will  lie  between  the  last  load  and  the  last  load  but 
one  in  the  series  of  experiments. 

It  was  formerly  supposed  that  the  production  of  a  8et,  that  is,  a 
disfigorement  which  continues  after  the  removal  of  the  load,  was  a 
test  of  the  proof  strength  being  exceeded;  but  Mr.  Hodgkinson 
diowed  that  supposition  to  be  erroneous,  by  proving  that  in  most 
materials  a  set  is  produced  by  almost  any  load,  how  small  soever. 

The  strength  of  bars  and  beams  to  resist  breaking  across,  and  of 
ixles  to  resist  twisting,  can  be  tested  by  the  application  of  known 
veigfats  either  directly  or  through  a  lever. 

To  test  the  tenacity  of  rods^  chains,  and  ropes,  and  the  resist- 
anoe  of  pillars  to  crashing,  more  powerful  and  complex  mechanisoi 
it  xeqmied.     The  apparatus  most  commonly  employed  is  the 
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thai  dimenaioiL  In  most  substances  which  are  used  in  construction, 
the  moduli  of  stiffiiess,  though  not  exactly  constant,  are  nearlj 
constant  for  stoesses  not  exceeding  the  proof  strengtL 

The  reciprocal  of  a  modulus  of  stifihess  may  be  called  a  ^'  modulus 
cfpHabUUff;"  that  is  to  say, 

Modulus  of  Stiflhe«  =  ^J?^!5g^Stee«. 

Modulus  of  Pliability  =  ^t-l — =1 — :rs2 —  • 

"^       Intensity  of  Stress 

The  use  of  qiecific  moduli  of  stiffness  will  be  explained  in  the 
mueL  Tables  of  their  values  are  given  at  the  end  of  the 
Tolonie. 

147.  The  Xfawticity  of  a  Solid  (A.  M,,  236  to  238,  243,  248  to 
263)  consists  of  stifihess,  or  resistance  to  change  of  figure,  combined 
"vith  the  power  of  recovering  the  original  figure  when  the  straining 
force  is  withdrawn.  If  tbat  recovery  is  perfect  and  exact,  the 
body  IB  said  to  be  "  perfectly  dastic/*  if  there  is  a  "  «et,"  or 
poioanent  change  of  figure,  after  the  removal  of  the  straining 
force,  the  body  is  said  to  be  "  imperfectly  elastic."  The  elasticity  of 
no  Bolid  substance  is  absolutely  perfect,  but  that  of  many  substances 
is  neariy  perfect  when  the  stress  does  not  exceed  the  proof  strength, 
tnd  may  be  made  sensibly  perfect  by  restricting  the  stress  within 
OBall  enough  limits. 

Moduli  or  Co-ejficiente  o/EUuticih/  are  the  values  of  moduli  oi 
stifihess  when  the  stress  is  so  limited  that  the  value  of  each  of  those 
modoli  is  sensibly  constant,  and  the  elasticity  of  the  body  sensibly 
perfect  It  can  be  shown  that  in  a  homogeneous  solid,  there  may 
be  twnty-one  independent  co-efiicients  of  elasticity,*  which,  in  a 
solid  that  is  equally  elastic  in  all  directions,  are  reduced  to  two — 
^,  the  oo-effident  of  direct  elasticity,  or  resistance  to  dii-ect 
lengthenhig  and  shortening,  and  the  co-efficient  of  resistance  to 


vBconion. 


The  Qenavl  Problem  of  ike  IrUemal  Equilibrium  of  an  Elastie 
Solid  is  this : — Given  the  free  form  of  a  solid,  the  values  of  its  co- 
efficients of  elasticity,  the  attiuctions  acting  on  its  particles,  and 
the  stresses  applied  to  its  surface;  to  find  its  change  of  form,  and 
the  strains  of  all  its  particles.t  This  problem  is  to  be  solved,  in 
g^nenl,  by  the  aid  of  an  ideal  division  of  the  solid  into  molecules, 
i^ectangniar  in  their  free  state,  and  referred  to  rectangular  co- 
ordinates.   Some  particular  cases  are  most  readily  solved  by  means 

"  Stm  PkiL  TranM.,  185C-7. 
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the  proporHon  winch  that  elongation  bears  to  the  original  length  of 
the  bar,  being  the  numerical  measure  of  the  strain. 

Let  j9  =  F  -T-  S  denote  the  intensity  of  the  stress,  and  E,  the 
modulus  ofdired  daMicity^  or  resistance  to  stretching.     Then 


a 


=  I- (2) 


Let/  denote  the  proof  tension  of  the  material,  so  that/*  S  is  the 
proof  load  of  the  bar;  then  the  proof  strain,  or  proportionate 
elongation  under  the  proof  load,  is  /*  -r-  E. 

The  BcsUteMce  or  Spring  of  the  bar,  or  the  work  performed  in 
stretching  it  to  the  limit  of  proof  strain,  is  computed  as  follows : — 
z  being  the  length,  as  before,  the  elongation  of  the  bar  under  the 
proof  load  is/'  a;  -r  K  The  force  which  acts  through  this  space  has 
tor  its  least  value  0,  for  its  greatest  value  P  =/  S,  and  for  its  mean 
TBhie/  S  -;-  2;  so  that  the  work  performed  in  stretching  the  bar  to 
the  proof  strain  is 

/S/5_/2s^ 
2  •  E  ~  E*  2    ^  ^^ 

The  co^cient/*  -5-  E,  by  which  one-half  of  the  volume  of  the  bar 
is  multiplied  in  the  above  formula,  is  called  the  Modulus  of 

RlMTTilENCR 

A  sudden  pull  of  /'  S  -r  2,  or  one-half  of  the  proof  load,  being 
ftpphed  to  the  bar,  will  produce  the  erUire  proof  st/rain  of  /'  -4-  E, 
which  is  produced  by  the  gradual  application  of  the  proof  load 
itself;  for  the  work  performed  by  the  action  of  the  constant  foroe 
/' 8 -r  2,  through  a  given  space,  is  the  same  with  the  work  per- 
formed by  the  action,  through  the  same  space,  of  a  force  increasing 
at  an  uniform  rate  from  0  up  to/'  S.  Hence  a  bar,  to  resist  with 
afety  the  sudden  application  of  a  given  pidl,  requires  to  have  twice 
tbe  strength  that  is  necessary  to  resist  the  gradual  application  and 
steady  action  of  the  same  pidL 

Tables  of  the  tenacity  and  of  the  modulus  of  direct  elasticity  of 
various  substances  are  given  at  the  end  of  the  volume. 

150.  CyUMdrical  Boilcn  and  Pipes.     (J[.  M,,  271.) — Let  r  denote 

the  radius  of  a  thin  hoUow  cylinder,  such  as  the  shell  of  a  high 
pressure  boiler; 

<  the  thickness  of  the  shell ; 

/the  tenacity  of  the  material,  in  pounds  per  square  inch; 

p  the  intensity  of  the  pressure,  in  pounds  per  square  inch,  re- 
<pured  to  burst  the  shell.  This  ought  to  be  taken  at  six  tdies  the 
effective  working  pressure — effective  pressure  meaning  the  excess  of 
the  pressure  from  within  above  the  pressure  from  without,  which 


it  is  usually  tlie  atmosphm 
ch  or  tbereabouta. 
Then 
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(See  p.  799.) 

151.  Sithmrlcal  SbctI*,  snoh 
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152.   TklckB*UawCrIlB<le 

the  ten  sit 


r 
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and,  conseqnentljy 


?=  V  (^)^ « 

by  means  of  which  formula^  when  r,  /,  and  p,  are  given,  R  may  be 
eompnted 

153.  Thick  B*ii«w  Spbcre.  (il.  if.,  275.) — In  thiscase,  using  the 
mne  symbols  as  in  the  last  Article,  the  foDowing  fonnulsB  give  the 
ntios  of  the  burating  pressure  to  the  tenacity,  and  of  the  external 
to  the  internal  radius : — 

/  ~    R»  +  2»^  ' ^  ^^ 

?=^(I9^) w 

154.  liKtemi  miiibiiitr,  cnbic  c«iiipreMi¥iiit7« — ^When  the  side 
Pa&ces  of  a  bar  are  free,  the  application  of  tension  to  its  ends 
ttoaes  it  to  contract  in  thickness  as  well  as  to  extend  in  length; 
*od  the  application  of  pressure  to  its  ends  causes  it  to  ex|)and  in 
tluckness  as  well  as  to  contract  in  length.  This  property,  which 
iDAJ  be  called  *'  Lateral  Pliability,"  exists  to  the  greatest  possible 
extent  in  perfect  fluids,  whose  pai-ts  yield  laterally  to  the  fidightest 
loogitadinal  stress,  and  is  least  in  those  solids  which  are  least 
capable  of  changes  of  figure. 

If  a  solid  bar  has  the  alteration  of  its  transverse  dimensions  pre- 
vented or  resisted  by  any  means,  it  yields  less  longitudinally  to  a 
longitudinal  sti-ess  than  it  does  when  it  is  free  to  yield  laterally;  in 
^'^lier  words,  its  direct  or  longitudinal  stiffness  may  be  increased; 
and  that  according  to  laws  whose  mathematical  expression  will 
pi^esoitly  be  given.  Its  sti-ength  is  increased  also;  but  in  what  pro- 
portion is  not  yet  known  precisely. 

l^p  denote  the  intensity  of  a  longitudinal  stress,  not  exceeding 
Uie  limit  below  which  moduli  of  stiffness  are  constant;  and  when 
^  bar  is  free  to  alter  its  lateral  dimensions,  let^ 

*sg  denote  the  fraction  of  its  original  length  by  which  its  length 

18  altered,  and 
^  =  ^,  the  fraction  of  its  original  diameter  by  which  its  diameter 

is  altered  in  the  contrary  direction  to  its  length;  then  we  have 

p  =  A  «  —  B  /5; - (1.) 
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cf  strength,  means  the  lidight  of  an  imaginaiy  colamn  of  the  aab- 
BtaDoe  to  which  the  modulus  belongs,  whose  weight  would  cause  a 
pressure  on  its  base,  equal  in  intensity  to  the  stress  expressed  hj 
the  given  modulus.     Hence, 

Hdgfat  of  a  modultra  in  feet 

Modulus  in  lbs,  on  the  square  foot 

""  Heaviness  of  substance  in  lbs.  to  the  cubic  foot 

^^     Modulus  in  lbs,  on  the  square  inch 
"*  Weight  of  12  cubic  inches  of  substance' 

He^t  of  a  modulus  in  inches 

Modulus  in  lbs,  on  the  square  inch 
Weight  of  a  cubic  inch  of  substance* 


156.    lUslfltaBee  t*  Sheariag  and  Dlatortlon.       (A.    M.,    278   to 

281.) — In  structures,  many  cases  occur  in  which  the  principal 
pieces,  such  as  plates,  links,  bars,  or  beams,  being  themselves  sub- 
jected to  a  direct  pull,  are  connected  with  each  other  at  their  joints 
ly  fintenings,  sudi  as  rivets,  bolts,  pins,  keys,  or  screws,  whidi  are 
under  the  action  of  a  shearing  force,  tending  to  make  them  give 
'vi^by  the  sliding  of  one  part  over  another. 

The  present  Article  refers  to  those  cases  only  in  which  the  shear- 
ing stress  on  a  body  is  uniform  in  direction  and  in  'intensity.  The 
effects  of  shearing  stress  varying  in  intensity  will  be  considered 
under  the  head  of  Resistance  to  Bending,  which  is  in  general 
aooompanied  by  such  a  stress;  and  the  effects  of  shearing  stress 
wpng  in  direction  as  well  as  in  intensity  under  the  head  of 
Besistance  to  Torsion. 

To  insure  uniform  distribution  of  the  stress,  it  is  necessary  that 
the  rivet  or  other  fastening  should  fit  so  tight  in  its  hole  or  socket, 
that  the  friction  at  its  sur£Eu;e  may  be  at  Ic^Eist  of  equal  intensity  to 
the  shearing  stress.  Wben  this  condition  is  fulfilled,  the  intensity 
of  that  sti^  is  represented  simply  by  F  -7-  S,  E  being  the  shearing 
fime,  and  S  the  area  which  resists  il 

Inconsequence  of  the  relation  between  shearing  stress  and  direct 
stress,  stated  in  Article  108,  Division  11.,  p.  167,  it  appears  that  a 
body  may  give  way  to  a  shearing  stress  either  by  actual  shearing, 
<tt  a  plane  parallel  to  the  direction  of  the  shearing  force,  or  by  tear- 
ingm  a  direction  making  an  angle  of  A5°  with  ^t  force. 

When  a  shearing  stress  does  not  exceed  the  limit  within  which 
iiK>duli  of  stifhess  are  sensibly  constant,  it  produces  distortion  of  the 
hody  on  which  it  acta  Let  q  denote  the  intenmty  of  a  shearing 
applied  to  the  fi>ur  lateral  faces  of  an  originally  square 
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along  whicli  tbe  preasore  acts  are  not  so  long  in  propoi-tion  to  their 
dkmeter  as  to  have  a  sensible  tendency  to  give  way  hj  bending 
tideways.     Thoee  cases  comprehend — 

Stone  and  brick  pillars  and  blocks  of  ordinary  proportions ; 

FiUars,  rods,  and  struts  of  cast  iron,  in  which  the  length  is  not 
more  than  five  times  the  diameter,  approximately; 

Pillars,  rods,  and  struts  of  wrought  iron,  in  which  the  length  is 
not  more  than  ten  times  the  diameter,  approximately; 

I^Uars,  rods,  and  struts  of  dry  timber,  in  which  the  length  is  not 
aiore  than  about  twenty  times  the  diameter. 

Let  P  denote  the  crushing  had  of  the  piece; 

S  the  area  of  its  transverse  section  in  square  inches; 

/the  resistance  of  the  material  to  crushing,  in  lbs.  on  the  square 
inch;  tiien  if  the  load  is  uniformly  distributed, 

P=/S (1.) 

A  table  of  the  resistance  of  materials  to  direct  crushing,  in  lbs. 
on  the  square  inch,  is  given  at  the  end  of  the  volume* 

If  the  ]oad  is  not  uniformly  distiibuted  over  the  transverse 
Ketion  of  the  pillar,  the  strength  of  the  pillar  is  diminished  in  the 
nme  ratio  in  which  the  mean  intensity  of  the  stress  is  less  than 
the  maximum  intensity.  To  find  that  ratio,  it  is  sufficiently  near 
tbe  truth  for  practical  purposes  to  consider  the  stress  as  "  uniformly 
wjtn^."  (See  Article  106,  Division  II.,  p.  163,  equations  5,  6,  7.) 
Soppose  the  pillar  to  be  cylindrical,  square,  or  of  a  regular  poly- 
gonal figure  in  cross-section.  Let  Xq  be  the  greatest  deviation  of 
the  centre  of  pressure  from  the  centre  of  figure  in  any  cross- 
s^on;  that  i?,  the  greatest  deviation  of  the  line  of  action  of 
the  load  from  the  axis  of  the  pillar. 

Let  x^  he  the  distance  of  the  point  of  greatest  stress  from  the 
uis  of  the  pillar;  that  is,  the  semidiameter  of  the  pillar  in  the 
direction  in  which  the  load  deviates  from  the  axis. 

Let  I  =  jafi  ydx  denote  what  is  called  the  '^  moment  of  inertia** 

of  the  cross-section  of  the  pillar. 
Then  the  emshing  load  is, 

l  +  Ml 

The  following  are  some  of  the  values  of  -t—  in  the  preceding 

^nrmula:  the  **  neutral  ojxxb^''  meaning  the  diameter  to  which  the 
deviation  x^  is  perpendicular* 


FiODBE  0?  Ceosb-Skcti 

I,  Bcctangle,  &&;  6,  neutn 
II.  Square,  Aii, 

III.  Ellipse:  neutral  axis,  6; 

IV.  Circle:  diameter.  A, 

V.  Hollow  rectangle :  outside 

inside  dimensions,  K,  b' 

VI.  HoUow  square, /.■*  — A"* 
VII.  Circular  ring:  diameter,  ■ 

It  is  oflen  advisable,  espet 
deviation  of  the  centre  of  pres 
there  shall  be  no  tension  on 
fulfilled  when  the  least  pressi 
ficreatest  stress  not  more  than 
P-!£:/S-i-2;  and  oonseqnentl 


the  reciprocal  of  the  quantit 
just  been  given. 

The  mi^ulus  of  resistance  t 
often  differs  consideiably  fro 
amount  of  those  differences  dt 
the  crushing  takes  place.     Th< 

I.  Gruahing  by  apliuing  (fi 
prismatic  fragments,  separatee 
direction  is  nearly  parallel  to  t] 
istic  of  hard  homogeneous  BU 
vitrified  bricks. 


Ftg.  1!E.  Fig.  130. 

TI.  Crushing  by  ekearing  or  i 

Dblique  surfaces  of  separation 
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gnnukr  texture,  like  cast  iron,  and  most  kinds  of  stone  and  brick. 
Sometimes  the  sliding  takes  place  at  a  single  plane  surface,  like 
AB  in  %.  126;  sometimes  two  cones  or  pyramids  are  formed,  like 
^  e;  in  fig.  127,  which  are  forced  towards  each  other,  and  split  or 
drive  outwards  a  number  of  wedges  surrounding  them,  like  to,  ti7,  in 
the  same  figure.  Sometimes  the  block  splits  into  four  wedges,  as 
]&fi^l28. 

The  sur&ces  of  shearing  make  an  angle  with  the  direction  of  the 
crashing  force,  which  Mr.  Hodgkinson  (who  first  fully  investigated 
those  phenomena)  found  to  have  values  depending  on  the  kind  and 
quality  of  material  For  different  qualities  of  cast  iron,  for  example, 
that  angle  ranges  from  42^  to  32°.  The  ^eatest  intensity  of  shear- 
ing stms  is  on  a  plane  making  an  angle  of  45°  with  the  direction  of 
the  crushing  force;  and  the  deviation  of  the. plane  of  sheaiiug  from 
that  an^e  shows  that  the  resistance  to  shearing  is  not  purely  a 
eohesive  force,  independent  of  the  normal  pressure  at  the  plane  of 
shearing,  but  consists  partly  of  a  force  analogous  to  friction, 
increasLng  with  the  intensity  of  the  normal  pressure. 

Mr.  Hodgkinson  considers  that  in  order  to  determine  the  true 
resistance  of  substances  to  direct  crushing,  experiments  sliould  be 
made  on  blocks  in  which  the  proportion  of  length  to  diameter  is  not 
less  than  that  of  3  to  2,  in  order  that  the  material  may  be  free  to 
divide  itself  by  shearing.  When  a  block  which  is  shoi-ter  in  pro- 
portion to  its  diameter  is  crushed,  the  friction  of  the  flat  surfaces 
between  which  it  is  cnished  has  a  perceptible  effect  in  Iiolding 
iis  pofit  together,  so  as  to  resist  their  sef>aration  by  shearing;  and 
thus  the  apparent  strength  of  the  substance  is  increased  beyond  its 
realstren^L 

In  all  substances  which  are  crushed  by  splitting  and  by  shearing, 
the  resistance  to  crushing  considerably  exceeds  the  tenacity,  as  the 
tables  show.  The  resistance  of  cast  iron  to  crushing,  for  example, 
"Was  found  by  Mr.  Hodgkinson  to  be  somewhat  more  than  six  times 
its  tenacity. 

III.  Cnuhing  hy  bulging,  or  lateral  swelling  and  spreading  of 
the  block  which  is  crushed,  is  characteristic  of  ductile  and  tough 
materials,  such  as  wrought  iron.  Owing  to  the  gradual  manner  in 
which  materials  of  this  nature  give  way  to  a  crushing  force,  it  is 
difficult  to  determine  their  resistance  to  that  force  exactly.  That 
leaistanoe  is  in  general  less,  and  sometimes  considerably  less,  than 
the  tenacity.  In  wrought  iron,  the  resistance  to  the  direct  crush- 
ing of  short  blocks,  as  nearly  as  it  can  be  ascertained,  is  from 

2      4 

r^  to  r  of  the  tenacity. 

rV.  CruMng  hy  buckling  or  crippling  is  characteristic  of  fibrous 
■abstances^  under  the  action  of  a  thrust  along  the  fibres.    It  consisto 


"  4  6  +  3  c  ■ 


..(3.) 


'  Mr.  Lewis  Gordon  from 

1  or  pilUr,  in  lbs, ; 
I  square  inches; 
ihesameanitaof 


(.*■) 

I,  for  pillara  fixed  at  both 

',  Km.  per  inch.  a. 

....36,000 -l- 

;... 80,000 _  - 

■•■■  ''*°'' ago 

see  tablen,     )     I 
pp.  361,  7C0  J  553 
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nery,  the  bars  which  act 
icient  titifiness,  are  made 
:n(iirn  as  "  angle  iron," 
"  Ac.  As  to  the  quantity 
rticle  366,  ]»ge  522. 
.ubea  (generally  square) 
i,  rivetted  to  angle  iron 
ica  of  a  ainglu  sqnui'e  celt 
ita  sides,  when  the  thick- 
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□es  of  the  plates  ia  not  less  than 
ctU,  OS  determined  by  Mr.  Fairb 

27,000  lbs.  per  nqua 


33,000  to  36,000  Iba.  per 

rhe  Litter  oo-eflicicnts  apply  ala 
For  further  information  rcBpe 
[4)  and  (5),  see  pages  520  to  5^4 
Ibrmulffi,  as  tbey  stand,  are  at 
which  the  line  of  actioa  of  the 
axis  of  the  strut;  that  ia,  a  stra 
its  cross-section 8,  When  the  lii 
Df  the  strut,  the  following  mod  LI 
greatest  deviation ;  r,  the  radius 
the  strut  (as  to  which,  see  page 
Df  the  formuJte  (4)  and  (5)  add  t 


2t^ 

riie  values  of  this,  for  some  ordi 


Solid  cylinder, 

Thin  hollow  cylinder,. 
(Seo  also  pu 

1^9.    BnlMnBce  u>  CallaiMlMS^ 

pressed  from  vithout,  it  gives  i 
whose  intensity  has  been  found 
1858)*  to  vary  nearly  according 

Inversely  as  the  length ; 

Inversely  as  the  diameter; 

Directly  as  a  function  of  the 
»wer  -whose  index  is  2-19;  bu 
>oses  may  be  treated  as  seusibl; 

The  following  formula  gives  ap 
7,  in  lbs.  on  the  square  inch,  of 

*  Sea  ilw  ntftd  Iif/brmatiMji 
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vliofle  kagth  l^  diameter  d,  and  thickness  t,  are  all  expressed  m  (fti 
mmeunUiofmeamre: — 

p  =  9,672,000  ^ (1.) 

I«t  I  and  d  be  expressed  in  inches,  and  let  L  be  the  length  in 
fcet;  the  aboTe  foimahk  becomes 

p  =  806,000  j^ (2.) 

Mr.  Fairbaim  having  strengthened  tubes  by  rivetting  round 
them  rings  of  T-iron,  or  angle  iron,  at  equal  distances  apart,  finds 
that  their  strength  is  that  corresponding  to  the  length  from  ring  to 
ring, 

Mr.  Fairbaim  finds  that  the  collapsing  pressure  of  a  tube  of  an 
elliptic  form  of  cross-section  is  found  approximately  by  substituting 
for  d,  in  the  preceding  formulae,  the  diameter  of  the  osculating 
cbcle  at  the  flattest  part  of  the  ellipse;  that  is,  let  a  be  the  greater^ 
ttd  b  the  less  semi-aacia  of  the  ellipse;  then  we  are  to  make 

d='-^ (3.) 

160.  AtOmm  mi  m  Tnuwrene  Ij«ad  •■  a  Beam.      {A.  M.y  288.)^ 

It  has  already  been  shown,  in  Article  112,  p.  174,  how  to  determine 
the  proportions  between  the  resultant  of  the  gross  load  of  a  beam 
•ad  the  two  forces  which  support  it.  In  the  present  Article  those 
cises  alone  will  be  considered  in  which  the  loading  and  supporting 
forces  are  parallel  to  each  other,  and  in  one  plane. 

In  Article  122,  p.  184,  it  has  been  shown  how  to  determine  the 
TCsistances  exerted  by  the  pieces  of  a  frame  which  are  cut  by  an 
ideal  sectional  plane,  in  terms  of  the  forces  and  couples  which  act 
on  one  of  the  portions  into  which  that  plane  of  section  divides  the 
fiame. 

The  method  followed  in  determining  the  effect  of  a  transverse 
losd  on  a  continuous  beam  is  similar;  except  that  the  resistance  at 
the  plane  section,  which  is  to  be  determined,  does  not  consist  of  a 
finite  number  of  forces  acting  along  the  axes  of  certain  bars,  but  of 
a  distributed  stress,  acting  with  various  intensities,  and,  it  may 
he,  in  various  directions,  at  different  points  of  the  section  of  the 
beam. 

In  what  follows,  the  load  of  the  beam  will  be  conceived  to  con- 
snt  of  weights  acting  vertically  downwards,  and  the  supporting 
Ibrces  will  also  be  conceived  to  be  vertical.  The  longitudinal  axis 
cf  the  beam  being  perpendicular  to  the  applied  forces^  will  accord- 
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»ses  in  which  the  axis 
lied  forces  are  inclined, 
i  other. 
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ance  of  the  Hue  of  actloi 
f  the  beam  is  strong  em 
re  will  be  a  tltearing  Mr* 
what  manner  will  after 
lion;  and  that  shearing 
ate,  along  with  the  resi 
nentis 

M 

B  is  called  the  bending  m 
he  vertical  section  in  qui 
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each  case  the  sapporting  forces  j  in  fig.  129,  Wj,  Wg,  Wg,  <kc., 
represent  portions  of  the  load;  in  ^g.  130,  W^  represents  the  end- 
most  portion  of  the  load,  and  W^,  Wgj  ^8»  other  portions;  in  both 
figures,  ^x^f  ^0^29  ^^'  ^9  denote  the  lengths  of  the  parts  into 
which  the  lines  of  action  of  the  portions  of  the  load  divide  the 
horizontal  axis  of  the  beam. 

The  figures  represent  the  load  as  applied  at  detached  points; 
but  irhen  it  is  continuously  distributed,  the  length  of  any  in- 
definitely short  portion  of  the  beam  will  be  denoted  by  d  x,  the 
intensity  of  the  load  upon  it  per  unit  of  length  by  w,  and  the 
amount  of  the  load  upon  ithj  to  dx. 

The  process  to  be  gone  through  will  then  consist  of  the  following 
steps: — 

Step  I.  To  find  the  Supporting  Forces, — Assume  any  convenient 
point  in  the  horizontal  axis  as  origin  of  co-ordinates,  and  find  the 
distance  x^  of  the  resultant  of  the  load  from  it,  by  the  method  of 
Article  97,  Division  VIII ,  p.  143,  for  forces  acting  through 
detached  points,  and  by  the  method  of  Article  104,  Division  V., 
p>  ld3,  for  a  continuously  distributed  load;  that  is  to  say, 


2-a;W 


«o  = 


I xw  dx 
j  w  dx 


,(2.) 


Then,  as  in  Article  112,  p.  174",  find  the  two  supporting  forces, 
Pi  and  P^;  that  is  to  say,  if  x^  and  X2  be  the  distances  of  the 
ix>ints  of  support  from  the  origin,  with  their  proper  signs,  make 


p  ^  ^ 5>  2  •  W  (or  f  to  rf  a) ; 

p  =  ?0JZlS  2  •  W  (or  [iff  d  x\ 

X^ «!  J 


(3.) 


Step  IL  To  find  the  Shearing  Forces  at  a  Series  of  Sections — In 
"what  position  soever  the  origin  of  co-ordinates  may  have  been 
during  the  previous  step,  assume  it  now,  in  a  beam  supported  at 
hoth  ends,  to  be  at  one  of  the  points  of  support  (as  A,  fig.  129),  and 
lu  a  beam  fixed  at  one  end,  to  be  at  the  loaded  point  farthest  from 
the  fixed  end  (as  A,  fig.  130).  Consider  upward  forces  as  positive, 
downward  as  negative. 

Then  the  shearing  force  at  any  given  cross-section  of  the  beam  is 
the  resultant  of  aU  the  forces  acting  on  the  beam  from  the  origin  to 
that  cross-section;  so  that  at  the  series  of  points  where  Pj,  Wj, 
%.  W,,  &c.,  act  in  fig.  129,  and  where  W^,  W^,  Wg,  Wj,  &c,  act 
Ui  fig.  130,  it  has  the  series  of  values, 

R 


i  If  ATERULS  AXa 

In  Fig.  129. 

=  Pi  — 'Wi; 

=  P  _W,  — W,; 

=  P.  —  W,  —  W;  —  Wj; 

be; 

1  genera.lly, 

F  =  P,  —  2-"W";...(4.) 

tbat  the  shearing  forces  at  a  seri' 
successive  aubttactiona  or  bu< 
y  be, 

Por  a  continuously  dLitribated 
pectively, 

Id  a  beam  supported  at  both  i 
In  a  beam  fixed  at  one  t 

which  expressions,  x'  denotes  tb 

I  plane  of  section. 

The  Bymbol  —  F  denotes  that  thi 

Fhe  CraU**!  Sbeorlng  Carce  acte 

Is,  close  to  one  or  other  of  the 
uther  Pj  or  P^.  In  a  beam  fixei 
;  force  on  the  projecting  part  a 
iport,  and  its  value  is  equal  to  tl: 
[n  a  beam  supported  at  both  end 
ae  intermediate  section,  whose 
nation  4  or  equation  6,  bj  makii 
Step  III.  To  find  the  Bending 
kX  the  origin  A  there  is  no  b 
gth  of  each  of  the  divisions  ^  x 
.ra  by  the  shearing  force  F,  whic 
ision;  the  first  of  the  produci 
meat  at  the  inner  end  of  the  fir 
other  products  successively,  tbt 
iding  momenta  at  the  inner  ei 

rhat  is  to  Bay, — bending  mcmen4 
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tt  tbe  ongin  A  =  0; 

at  the  line  of  action  of  W^;  Mi  =  F^  •  Aas^; 

and  geneially,  M  =  Z  -F  il  x. (8.) 

//"(^  dmaionB  a  a;  ar«  of  equal  lengthy  this  becomeB 

M  =  A  »  -2  F; (9.) 

and  for  a  eontiiiuoxusly  distributed  load^ 

M  =1^  F  df  a;. (10.) 

The  three  preceding  equations,  8,  9,  and  10,  are  applicable  to 
beams  whether  supported  at  both  ends  or  fixed  at  one  end  By 
tabstitatLog  for  F  in  equation  10  its  values  as  given  by  equations 
6  and  7  respectively,  we  obtain  the  following  results  i — 

For  a  beam  supported  at  both  ends, 


=  Pi  a:'  —  f     {x'  —  x)wd  x; (11.^ 

J  0 


For  a  beam  fixed  at  one  end, 

—  'Mi  =  rj\dsfl=:j'^^{x'  —  x)wdx; (12.) 

in  the  latter  of  which  equations,  the  symbol  —  M  denotes  that  the 
bending  moment  acts  downwards. 

The  Gwtci  BcadilBg  Moment  acts,  in  a  beam  fixed  at  one  end, 
at  the  outer  point  of  support;  and  in  a  beam  supported  at  both 
ends,  at  the  section  where  the  shearing  force  vanishes,  found,  as 
already  stated  in  Step  II.,  from  the  equation  F  :=  0. 

When  the  load  on  a  beam  supported  at  both  ends  is  sym- 
metrically distributed  relatively  to  its  middle  section,  the  Greatest 
Bendbg  Moment  acts  at  that  section;  and  it  is  sometimes  con- 
Tenient  to  assume  a  point  in  that  section  as  the  origin  of  co- 
ordinatea 

Step  IT.  To  find  the  ^ect  of  combining  several  Loads  on  one 
•fittun,  whose  separate  actions  are  Known; — for  each  cross-section,  the 
i^^cuing  force  is  the  sum  of  the  shearing  forces,  and  the  bending 
moment  the  sum  of  the  bending  moments,  which  the  loads  would 
pt'o^noe  separately 
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Step  V,  To  dedvce  the  Shearing 
tarn  front  thtue  in  anotho'  Beof, 
-This  is  done  by  the  aid  of  tlie  i 
W?ien  beairu  differing  in  lettgth 
xm  them  are  nmilarly  supported, 
ibvied,  tlie  eliearitig /orca  at  corr 
e  total  leads,  and  the  bending  m 
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^I&  each  example  in  the  preceding  table,  I  denotes,  for  a  beam  fixed 
at  one  end,  the  length  measured  from  the  outer  point  of  support  to 
the  farthest  projecting  loaded  point,  and  for  a  beam  supported  at 
both  ends,  the  length  or  span  between  the  points  of  support;  W 
denotes  the  total  load;  F  and  M  denote  the  shearing  force  and 
bending  moment  at  any  cross-section  situated  at  the  distance  a^ 
from  the  origin  (which,  as  in  the  preceding  article,  is  the  point 
vhere  M  =  0);  F^  denotes  the  greatest  shearing  force;  o^^  the 
position  of  the  section  where  it  occurs;  M^  the  greatest  bending 
moment;  o/q  the  position  of  the  cross-section  where  it  occurs;  ky  m, 
the  two  factors  employed  in  equations  15  and  16,  for  the  sections 
of  greatest  shearing  stress  and  greatest  bending  moment  re- 
qiectiTely;  that  is  to  say, 


ife=Fi  -r- W;  m=M^'i'Wl. 


.(1.) 


To  transform  the  expressions  in  the  preceding  table.  Cases  lY. 
to  YIL,  which  are  suited  for  co-ordinates  measured  from  one 
pomt  of  support  of  a  beam  supported  at  both  ends,  into  expressions 
soited  for  co-ordinates  measured  from  the  middle  of  the  beam,  let 
e  be  the  half-gparif  and  substitute  2  c  for  I,  c  —  x  for  a/,  and 
«  +  a  for  ^  —  a/,  throughout  the  whole  of  that  part  of  the 
table. 

In  the  following  example,  a  beam  supported  at  both  ends  is 
mpposed  to  be  loaded  at  a  series  of  detached  points,  which  divide 
the  length  of  the  beam  into  N  equal  divisions,  so  that  the  length 
of  one  of  those  divisions  is  ^  ^  N.  The  origin  of  co-ordinates  being 
at  a  point  of  support,  the  plaue  of  section  in  each  example  is  sup- 
posed to  be  immediately  beyond  the  n^  division  from  that  point. 


Case. 

P 
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h 
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'B'O 

m 

VULEndiiater. 
mediate     point 
loaded  wil&w; 
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or 
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^\ 
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-OTereD): 

N-1    / 
2    -TT 

to    2- 

jf  (Nodd) 

(N  even) 

1 

8 
(Nodd) 

N+l 

Oabb  IX.  TranMing  Load, — ^A  beam  of  the  span  I  is  supported 
tt  tiie  two  ends;  a  permanent  load  of  the  uniform  intensity  of  to 
lb&  per  lineal  foot  is  distribnted  over  il  An  additional  loaid,  such 
as  ths  weight  of  a  railway  train,  of  v!  lbs.  per  lineal  foot,  gradually 
nlk  oa  to  the  beam  &om  one  end,  covering  it  at  last  fxom  end  to 


lUTERIAIA 
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the  greatest  shearing  foi 
.test  bending  moment. 
he  Greater  Shearing  Forct 
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ed  vith  the  travelling  1 
,  and  the  shorter  loaded  '< 
enote  that  force,  and  x  tl 
I  the  nearer  end  of  the  bei 


=«(!- 


his  fonnnia  may  be  rend< 
ng  the  middle  of  the  beam, 
rdinates.  Let  s^,  then,  c 
ition  &om  the  middle  ol 
t j  then  x^e  —  a^;  and 


he  Greatest  Beading  Mom 
'elling  load  extends  over  tl 
liis  respect  no  difference 
I  VI.  of  the  preceding  tabl 

lie  preceding  principles 
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veaUA  traveling  load,  that 
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shearing  foroe  at  that  section^  and  G  K'  the  greatest  bending 
moment. 

The  ordinate  C  L  of  the  parabola  at  the  middle  of  the  span, 
being  one-fourth  of  A  E^  represents  the  greatest  shearing  force  in 
the  middle  of  the  beam,  which  is  one-eighth  of  the  greatest 
tiayelling  load,  otv/I-^S. 

Case  X. — If  a  beam  has  equal  and     t^/ 

uppotite  couples  applied  to  its  two  ends,       

—for  example,  if  the  beam  in  fig.  132     1^ — [»       — 
has  the  couple   of  equal  and  opposite     "^ 
forces  Pj  applied  at  A  and  B,  and  the  ^p< 

eoaple  of  equal  and  opposite  forces  Pj  at  Fig.  132. 

0  and  D,  and  if  the  opposite  moments, 


4  Pi 


♦Pfl 


Pi-AB  =  P,-CD=:M, 


(5.) 


are  equal,  then  each  of  the  endmost  divisions  of  the  beam,  A  B  and 
0  D,  is  in  the  condition  of  a  beam  faced  at  one  end  and  loaded  at 
the  other  (Case  L);  and  the  middle  division  B  C  is  subject  to  the 
umform  moment  offiexare  M,  and  to  no  shearing  force. 

293  to  295,  309,  310.) — ^The  bending  moment  at  each  cross-section 
of  a  beam  bends  the  beam  so  as  to  make  any  originally  plane  layer 
of  the  beam,  perpendicular  to  the  direction  of  the  load,  become 
concave  in  the  diiW^tion  towards  which  the  moment  acts,  and  convex 
in  the  opposite  direction.  Thus,  fig.  133  represents  a  side  view 
of  a  abort  portion  of  a  beam  supported 
at  the  ends  and  loaded  at  intermediate 
points;  G  C  is  a  layer,  originally  plane, 
and  perpendicular  to  the  direction  of  the 
load,  which  is  now  bent  so  as  to  become 
concave  above  and  convex  below. 

The  layers  at  and  near  the  concave 
side  of  the  beam  A  A'  are  shortened, 
and  the  layers  near  the  convex  side  B  K  lengthened,  by  the  bending 
action  of  the  load.  There  is  one  intermediate  surface  O  C  which 
is  neither  lengthened  nor  shortened;  it  is  called  the  ^^  neutral  sur- 
footT  The  particles  at  that  surface  are  not  necessarily,  however, 
in  a  state  devoid  of  strain;  for,  in  common  with  the  other  particles 
of  the  beam,  they  are  compressed  and  extended  in  a  pair  of  diagonal 
directions,  making  angles  of  45^  with  the  surface,  by  the  shearing 
action  of  the  load,  when  such  action  exists. 
^  The  condition  of  the  particles  of  a  beam,  produced  by  the  com- 
bined bending  and  shearing  actions  of  the  load,  is  illustrated  by  fig. 
Idi.  which  represents  a  vertical  longitudinal  section  of  a  rect- 


Fig  13S. 


^ 
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angular  beam,  supported  at  the  ends,  and  loaded  at  intermediate 

points.  It  is  covered  with  a  net- 
work consisting  of  two  sets  of  corves 
cutting  each  other  at  right  angles. 

The  curves  convex  upwards  are  tow 

F!g.  184.  of  direct  thrust;  those  oonvez  down* 

wards  are  Utios  of  direct  tendon.  A 
pair  of  tangents  to  the  pair  of  curves  which  traverse  any  particle,  are 
the  axes  of  stress  of  that  particle.  (See  Art  108,  p.  1 67.)  The  neui^ 
surface  is  cut  by  both  sets  of  curves  at  angles  of  i5°.  At  ihi^ 
vertical  section  of  the  beam  where  the  shearing  force  vanishes,  and 
the  bending  moment  is  greatest,  both  sets  of  curves  become  horizontal 
Except  in  cases  to  be  afterwards  specified,  it  is  unneoessaiy  to 
consider  the  shearing  action  of  the  load  on  a  beam. 

When  a  beam  breiE^  under  the  bending  acticm  of  its  load,  it 
gives  way  either  by  the  crushing  of  the  compressed  side,  A  A',  or 
by  the  tearing  of  the  stretched  side,  B  B'. 

In  fig.    135,  A  represents  t 

.A— ^ — ^      " — ~-        beam  of  a  granular  material, 

like  cast  iron,  giving  way  by 
^  the  crushing  of  the  compnased 

Fig.  135.        ^  side,  out   of  which  a  sort  of 

wedge  is  forced.  B  represents 
a  beam  giving  way  by  the  tearing  asunder  of  the  stretched 
side. 

The  resistance  of  a  beam  to  bending  and  cross-breaking  at  anj 
given  cross-section  is  the  moment  of  the  couple,  consisting  d 
the  thrust  along  the  longitudinally-compressed  layers,  and  the 
equal  and  opposite  tension  along  the  longitudinally-stzetched 
layers. 

It  has  been  found  by  experiment,  that  in  most  cases  which  occnr 
in  practice,  the  longitudinal  stress  of  the  layers  of  a  beam  majt 
without  material  error,  be  assumed  to  l>e  uriiforndy'Vain/m^ 
(Article  106,  p.  163),  its  intensity  being  simply  proportional  to 
the  distance  of  the  layer  from  the  neutral  surfisM^ 
Let  fig.  136  represent  a  cross-section  of  a  beam  (such  as  ^ist 
represented  in  fig.  133),  A  the  compressed  side^ 
B  the  extended  side,  C  any  layer,  and  0  0  the 
neuJtTol  axis  of  the  section,  being  the  line  in  which 
o — \-'^ — o     it  is  cut  by  the  neutral  surface.     Let  p  denote  the 

intensity  of  the  stress  along  the  layer  C,  and  y  ^ 
distance  of  that  layer  from  Sie  neulxal  axis;  becsiae 
the  stress  is  uniformly  varying,  p  -f-  y  is  a  confltaat 
l^lSfi.  quantity.  Let  that  conataat  &  denoted  for  die  po- 
sent  by  & 
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I^ z  be  the  breadth  of  lihe  layer  C,  and  d  y  its  thickness; 
Then  the  amount  of  the  stress  along  it  is 

pzdy  =  ayzdf/; 

the  amount  of  the  stress  along  all  the  layers  at  the  given  cross« 
Bectionifl 


ajyzdyi 


sod  this  amount  must  be  nothing, — ^in  other  words,  the  total 
thrust  and  total  tension  at  the  cross-section  must  be  equal, — because 
the  forces  applied  to  the  beam  are  wholly  transverse;  from  which 
it  fi>llowBy  that 

jyzdy^O, (I.) 

sod  the  neulral  aads  traverses  the  centre  o/grarniy  of  the  cross-section. 
This  principle  enables  the  neutral  axis  to  be  found  by  the  aid  of 
the  methods  explained  in  Articles  104  and  105,  pp.  152  to  158;  it 
bemg  bone  in  mind  that  the  process  of  finding  the  centre  of  gravity 
cf  a  given  plane  figure  is  the  same  with  that  of  finding  the  centre 
cf  gravity  of  a  homogeneous  uniformly  thick  flat  plate  of  that 
figara 

To  find  the  greatest  value  of  the  constant  p  -i-y  consistent  with 
the  strength  of  the  beam  at  the  given  cross-section,  let  y^  be  the 
distance  of  the  compressed  side,  and  y^  that  of  the  extended  side 
from  the  neutral  axis;  f^  the  greatest  thrust,  and  /»  the  greatest 
tension,  which  the  material  can  bear  in  the  form  of  a  beam; 
compote  /«  -ft.  y^  and  /»  -£-  y^,  and  adopt  the  less  of  those  two 
<iusntitie8  as  the  value  of  p  ^  y,  which  may  now  be  denoted  by 
/•7-tfi;  /being/,  or/,  and  y^  being  y.  or  y^  according  as  the 
beam  is  nable  to  give  way  by  crushing  or  by  tearing. 

The  moment  relatively  to  the  neul^  axis,  of  the  stress  exerted 
along  any  given  layer  of  the  cross-section,  is 

f 
ypzdy  z:^^^zdy', 
Vi 

and  the  sum  of  all  such  moments,  being  the 

««M— t  mt  Bcaiflttuice  of  the  given  cross-section  of  the  beam  tj 
hveaking  across^  is  ^ven  by  the  formula^ 

Mo=  fpyzdy=  ^f  y^zdy, (2.) 

J  yiJ 
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or  making  Tjf*  jr  Jy  =  I, 


Mo 


.(3i.) 


When  the  breaking  load  is  in  question,  the  oo-effident/is  what 
18  called  the  modulus  of  ruftube  of  the  mateiiaL  It  does  not 
always  agree  with  the  resistanoe  of  the  same  material  to  dire^ 
crashing  or  direct  tearing,  but  has  a  special  value,  which  can  be 
found  by  experiments  on  cross-breaking  only.  One  of  the  causes 
of  this  phenomenon  is  probably  the  &ct,  already  stated  in  Article 
154,  p.  229,  that  the  resistance  of  a  material  to  a  direct  stress  is 
increased  by  preventing  or  diminishing  the  alteration  of  its  trans- 
verse dimensions;  and  another  cause  may  be  the  £act^  that  the 
strength  of  masses  of  metal,  especially  when  cast,  is  greater  in  the 
external  layer,  or  aittn,  than  in  the  interior  of  the  mass.  When  a 
bar  is  directly  torn  asunder,  the  strength  indicated  is  that  of  the 
weakest  part  of  the  mass,  which  is  in  the  centre;  when  it  is  broken 
across,  the  strength  indicated  is  that  either  of  the  skin,  which  is 
the  strongest  part,  or  of  some  part  near  the  skin. 

When  the  proof  load  or  working  load  is  in  question,  the  oo- 
e£E[cient  /  is  the  modulus  of  rupture  divided  by  a  suitable  fodar 
of  safely^  as  to  which  see  Article  143,  p.  222. 

The  factor  denoted  by  I  in  the  preceding  equation  is  what  is 
conventionally  called  the  ''  mcmenl  of  inertia**  of  the  cross-section 
of  the  beam.  For  sections  whose  figures  are  similar,  or  are  parallel 
projections  of  each  other,  the  moments  of  inertia  are  to  eadi  other 
as  die  breadths,  and  as  the  cubes  of  the  depths  of  the  sections;  and 
the  values  of  y^  are  as  the  deptha  If,  therefore,  b  be  the  breadth 
and  h  the  depth  of  the  rectangle  circumscribing  the  cross-section  of 
a  given  beam  at  the  point  where  the  moment  of  flexure  is  greatest, 
we  may  put 

I  =  n'5/*8 (a) 


y  =  mlh, 


(4) 


vl  and  m'  being  numerical  fiictors  depending  on  the  form  ot 
section;  and  making  ri  ^m!  ^  n,  the  moment  of  resistance  may 
be  thus  expressed, — 

M^^nfbh^. (5.) 

Hence  it  appears,  that  the  resistances  of  similar  cross-^eetioM  (o 
cross-breaking  are  as  their  breadths  arid  as  the  sqiutres  of  tkdr 
depths. 
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The  relation  between  the  load  and  the  dimensions  of  a  beam  is 
fcmnd  by  equating  the  value  of  the  greatest  bending  moment  in 
terms  of  the  load  and  length  of  the  beam,  as  given  in  Article  160, 
equations  10,  11,  12,  and  16,  pp.  243,  244,  to  the  value  of  the 
moment  of  resistance  of  the  beam,  at  the  cross-section  where 
that  greatest  bending  moment  acts,  as  given  in  equation  5  of  this 
Article;  that  is  to  saj, 

Mo=mWZ  =  w/67*2 (6.) 

nt  being  the  co-efficient  depending  on  the  mode  of  distribution  of 
the  load,  as  defined  by  equation  1  of  Article  161,  p.  247,  and 
given  for  particidar  cases  in  the  tables  and  examples  of  Article 
161. 

In  using  the  above  equation  6,  it  is  to  be  understood  that  the 
stme  unit  of  measure  is  to  be  employed  for  all  the  dimensions  of 
the  beam;  and  inasmuch  as  the  values  of  the  ''modulus  of 
rupture"  /given  in  tables  are  generally  stated  in  pounds  on  the 
square  irich,  so  that  the  inch  is  the  proper  unit  for  the  transverse 
dimensions  b  and  A,  the  length  or  span  I  ought  to  be  expressed  in 
inches  also,  so  that  the  bending  moment  will  be  computed  in  inch- 
pcunds. 

In  finding  the  value  of  the  moment  of  inertia  I  of  cross-sections 
of  complex  figure,  the  following  rules  are  useful : — 

If  a  complex  cross-section  is  made  up  of  a  number  of  simple 
figures,  conceive  the  centre  of  gravity  of  each  of  those  figures  to  be 
txareraed  by  a  neutral  axis  parallel  to  the  neutral  axis  of  the  whole 
flection.  Find  the  moment  of  inertia  of  each  of  the  component  figures 
relatively  to  its  own  neutral  axis;  multiply  its  area  by  the  square  of 
the  distance  between  its  own  neutral  axis  and  the  neutral  axis  of 
the  whole  section ;  and  add  together  all  the  results  so  found,  for 
the  moment  of  inertia  of  the  whole  section.  To  express  this  in 
symbols,  let  A'  be  the  area  of  any  one  of  the  component  figures,  y' 
the  distance  of  its  neutral  axis  from  the  neutral  axis  of  the  whole 
section,  I'  its  moment  of  inertia  relatively  to  its  own  neutral  axis; 
then  the  moment  of  inertia  of  the  whole  section  is 

I  =  2'r  +  2-y'2A' (7.) 

When  the  figure  of  the  cross-section  can  be  made  by  taking 
away  one  simpler  figure  from  another,  so  that  the  centre  of  gravity 
of  the  whole  figure  is  found  by  subtraction  (as  in  p.  154),  both 
the  area  and  the  moment  of  inertia  of  the  subtracted  figure  are 
to  be  considered  as  n^ative,  and  so  treated,  in  making  use  of 
equation  7. 


•  •;'•  ',• 
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163.  Envples  wf  iHMimc  •f  BcaiaiMce— The  following  table 
contains  examples  of  the  values  of  the  factors  n\  m.',  and  n,  of 
equations  3,  4,  and  5 : — 


Form  of  Cross  Sectzoms. 

^-bV 

*     A 

/be- 

I.  RectanHfl  (  A.  ) 

1 

12 

1 
2 

1 

6 

(indading  square)           j 

11.  Ellipae— 

Vertical  nmh, "^ 

Horisontal  axis  6, /■ 

(Indading  drde)            ) 

III.  Hollow  rectangle,  h  h—l/  h' ;  alaol 

I-formed  section,  where  b'  is  ! 
the  sum  of  the  breadths  of  the  1 
lateral  hoUows, J 

IV.  IloUow  square —                         \ 

*«  —  *'» / 

V.  Hollow  ellipfle, 

«-        1 
64     20*4 

=  0-0491 

1 
2 

«r          1 
82  ~  10-2 

r=   0-0982 

Ifl-^'^^ 
12V          hh^J 

1 
2 

1 
2 

1 
2 

ifi  ^n 

12V         AV 

-^Cl-*") 

1     /        h'k-. 
20-4  V          bh*) 

1    ,        hrk*x 

VI.  Hollow  circle,  

VII.  Isosceles  triangle;  base  6,  height) 
A;  yx  measured  from  summit,) 

'   Tl    *"^ 

20-4  V^       AV 

1 
2 

2 
8 

10-2  V*       AV 

1 
86 

1 
24 

The  following  examples  ai*e  not  veU  suited  for  introductioii  into 
the  tables: — 


Example  YIIL — ^T-formed  section. 

Areas.         DepCbii 
Flange  or  table, , A^  ^ 

Yertical  web, Aj  K^ 

Totals,  Ax  + A^^A;  h^  +  h^^h. 

Exact  Solution, — Distance  of  the  neutral  axis  from  the  edge  of 

the  vertical  web, — 
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255 


^^2  2A 


'2. 


Moment  of  Inertia  of  whole  section^ — 

^ 12  *  4A 

Moment  of  Resistance,  as  before, — 


Mo=- 


Vi 


(1.) 


(2.) 


Approximate  SohUwn. — When  hj^  is  small  compared  with  A^,  make 
&' = A^  +  ^  A^  ;  then,  the  following  are'  nearly  correct : — 

"•-^-T        A+Ai     ' 

_/y.A,(A,4-4A^) 
6        A^  +  2Ai 

ExAJiFiiB  IX. — ^Double  T-formed  section.     The  beam  is  asBumed 
to  give  way  by  the  tearing  of  the  lower  flange  or  table 
R     Let  the  areas  and  depths  of  the  parts  of  which 
the  section  consists  be  denoted  as  follows : — 


Depths. 

Upper  flange  or  table A^,  A^         o- 

Vertical  web,  Aj,  h^ 

Ix>wer  flange  or  table, A^,  hy 

Totals,. Ai  +  A2  +  A3  =  A,Ai  +  A2  +  A3  =  A. 

ExtMCt  Solfdum. — The  height  of  the  neutral  axis  above  the  lower 
aide  of  ibis  section  is 

^*""2  2A  ' 

The  Moment  of  Inertia  of  the  section, — 

+  A,A,(Ai+V  +  AiA,(A,  +  \)»}; 
and  tbe  Moment  of  Beristanoe, — 


(a) 
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^2)  make 


AppraxinuUe  SoltUion, — ^Whon  h^  and  h^  are  small  oompared  with 

then  the  following  formule  are  nearly  correct :— 

h'/      A,-AA     y.A,  +  2A,. 
y*-lV         A     )-2         A       ' 

•^-'*   t"l2"^  fA  /' 


(*-) 


Mo 


=  -^  =-^  >»(A.  +  ^At  +  4A,)  +12AtAa 


y»      6 


A,  +  2Aji 


■■I 


Another  Approocimate  SohUiorij  when  A2  is  very  small,  or  whea 
there  is  an  open  frame  instead  of  a  vertical  web— 

y^Jl^.  I^^l^i  Mo=/»A'A, (5.) 

164.  €r«m-M»cd*M  •r  Eqaai  scmngiii. — ^The  use  of  the  T-shaped 

and  double-T-shaped  cross-sections  mentioned  in  the  last  Article^  is 
to  economize  any  material  whose  resistances  to  cross-breakiiig  by 
crushing  and  by  tearing  are  different,  by  so  adjusting  the  position 
of  the  neutral  axis,  that  the  tendencies  of  the  beam  to  break  across 
by  cnishing  and  by  tearing  shall  be  as  nearly  as  possible  eqoaL  The 
following  are  the  rules  for  effecting  that  adjustment : — 

Let/,  be  the  modulus  of  rupture  by  crushing; 
»  /*         M  ,f  9)  by  tearing; 

„  y^  the  distance  from  the  neutral  axis  to  the  compressed  aide  ; 
19  Vk         »  »»  „  extended  side; 

Va-^Vb^^  being  the  depth  of  the  beam ; 

then  the  neutral  axis  should  be  so  placed  as  to  divide  that  depth  in 
the  following  proportion : — 


:     A     :y.:y»J 


(1.) 


Let  Aj,  as  before,  denote  the  area  of  the  cross-section  of  th 
vertical  web  of  a  beam,  measured  from  centre  to  centre  of  the  top  an 
bottom  flanges;  A^  the  area  of  the  compressed  flange,  A3  that  c 
the  extended  flange. 

The  following  solutions  are  to  the  same  degree  of  approximatioi 
with  those  in  equations  2  and  4  of  Article  163. 


EQUAL  RBSfOTH. 


m  T-ihaped. — Here  the  flange  ia 
he  girder;  and  its  area  muat  be  as 


f^ <S) 


form  of  erow-Bection  is  (see  Article 

-/•)''-^< m 


„_„„._,,„ ^.,  ..jntiijwWar-aft.;^!*!— The  area  of 

tie  compreMatJ  flange  being  A^,  that  <^  the  «(rtf(!A«(2  flauge  should  be 

^-7,Ai+-^"'i.i W 

ant  of  Resistaiice  will  become 
M..4'{/.A.*(2/.-/.)^} 

-»'{/.-l.-(/.-2/.)t'}    («.) 

a  beam  to  bear  a  given  bending  moment,  the  depth 
}f  the  vertical  web  are  to  be  fixed  by  considerations 
venience,  when  equation  5  will  enable  the  areas  of 
if  the  flanges  to  be  compated. 
appoee  that  for  a  certain  sort  of  cast  iron, 
/.=80,000  lbs.  in  the  sqnare  inch; 
/,= 20,000    „      „  „ 

1-proportioned  section, 

5  ;  4  :  1  :  :  A  :  y,  :  y,. 
iped  section, 


„     140,000  A'  A. 
Mj g =*; 

T-ahaped  section, 

A3  =  4Ai  +  sAj;*  an< 


...(&) 
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U^^h'i  80,000  Ai  +  140,000:|:J  I 

-A' 1 20,000  A,-40,000:|?l (7.) 

Case  ni.  /«  leas  than  /»,  ^m  T-shaped. — ^Heie  the  flange  is 
required  at  the  compressed  side  of  the  beam,  and  its  area  should  be^ 

A,  =  4^--A, (8.) 

The  Moment  of  Resistance  of  this  cross-section  is 

^JMzf^, (,) 

Case  TV.  /,  less  Hum  f^y  heom,  dovble  T-shaped. — ^The  area  of 
the  stretched  flange  being  A3,  that  of  the  compressed  flange  should 
be  as  follows : — 

Ai  =  Aa,  +  -^^-  Aj; (10.) 

when  the  Moment  of  Besistance  will  become 

=A'  |/.  Ai  + (2 /.-/»)  :|s|  (11.) 

In  designing  a  beam  to  bear  a  given  bending  moment,  the  depth 
K  and  area  Ag  of  the  vertical  web  are  to  be  fixed  by  oonsiderations 
of  practical  convenience,  when  equation  II  will  enable  the  area 
of  either  or  both  of  the  flanges  to  be  computed. 

Example. — Suppose  that  for  a  certain  sort  of  wrought  iron, 

/«  =  36,000  lbs.  on  the  square  inch 
/,=  60,000    „         „         „        „ 

80  that  in  a  well-proportioned  section 

« 

8  :  3  :  5  : :  A  :  y«  :  y^ 
Then  in  a  T-shaped  section. 


,..(12.)  , 
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I  Upon  tl 

flexure  of  the  beam  from  point  to  point,  and  thia 

distribution  of  the  load  and  of  the  supporting  £ 

which  has  been  exemplified  in  Articles  160  and  1 

depth  of  the  beam  ia  made  uniform,  and  the  brc 

vertical  longitudinal  sec^on  is  rectangular,  and 

figure  depending  on  the  mode  of  variation  of  the  breadtL     When 

the  breadth  of  the  beam  is  mads  uniform,  and  the  depth  varied, 

the  plan  is  rectangular,  and  the  vertical  longitudinal  section  ii  of  t 

figure  depending  on  the  mode  of  variation  of  the  depth.    Tha 

following  table  gives  examples  of  the  results  of  those  principles :— 


MmaofLadlnc 

umsupponin* 

»»• 

VlfU*  of  PIUL  ' 

1.  (Fip.  138,  180). 
Filed  .tA.lo.J- 

DUtuc*  rron  B. 

TrUiigl^  .p»  .t 
B,  flg.  188. 

p«.b;>ii,  WO 

rtB,«g.l)S. 

IL  (Figs.  140,  Hl> 
Fixed  U  A,  nni- 
forroly  leaded,... 

IIL  (Flgfc  US.  H3). 
SupporMd  It  A 
uid  B,  iDkded  al 

Piirofp««bol«, 
verOoM  tooohine 
cub  other  4t  B, 

eg.  HO. 

Tri.t.gl.,ipei« 

Dbun««ft«n 
pcdatoTiiippgrt. 

Fiir  of  tiUnglo, 
^bV%  1*2. 

P.lrrf]»ib>bi, 
verti«.«tA»i 

IV.  (Tigl.  1«,  H6> 

ProdnctofdU- 

UDcerfonn  pomti 

rf.lU.port. 

P^rfinnboUi, 
vtnicM  >C  C,  C, 
iiin>iadlerfbe«m; 

EnipMADB, 

The  formula  for  a  amttavt  depth  are  applicable,  approxinutdT, 
to  the  breadths  of  the  flanges  of  the  T-shaped  and  double  T-shsp^ 
girders,  described  in  Article  164.  In  applying  the  principles  of  thii 
Article,  it  is  to  be  borne  in  mind,  that  tie  thearmg  foree  h»»  not 
yet  been  taken  into  account ;  and  that,  consctjuently,  the  fignKi 
described  in  the  above  table  require,  at  and  near  the  places  wba< 
they  taper  to  edges,  some  additional  material  to  enid)le  them  ta 
withstand  that  force.      In  figs.    142  and    144,  such  additionil 
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I  fona  of  projectioDS  or  pnlnu 
rre  both  to  reaist  the  shearing 
M  to  the  beams.  As  to  the 
xm,  lee  Article  1$& 
H.B<«^  (J.if.,297.)— Mr. 
read  to  the  B07&I  Socie^  (see 
modnluB  of  rapture  of  caat  iron 
<om  the  ineie  direct  tenacity  of 
er  times  that  tenacity,  according 
'he  beam.  This  was  proved  bj 
in  aome  cases,  of  a  solid  rect- 
,  of  an  open  work  rectangular 
B  went,  they  were  in  accordance 


f  the  beam  in  qnestion ;  /^  the 
h  it  is  made;/",  a  co-efficient 

)  ratio  which  the  depth  of  Bolid 

[>eam  bears  to  the  total  depth  of 
alues  of  the  conBtaata  for  the 


e  inch ;  \ 
0  inch;  >.. 


'  square  u 
equare  inch;  \ (2.) 

■ther  experiments  on  cast  iron 
id  also  experiments  on  wrought 
>  concluBively,  variations  in  the 
analogons  to  those  which  hare 

ui>— UhHIbB  lioigdi  t  Beuk. 

B  of  great  span,  its  own  weight 
■hich  it  has  to  carry,  sufficiently 
sunt  in  determining  tiie  dimen- 
s  the  process  to  be  performed 
uniformly  distributed,  and  the 
•X  W  be  the  external  working 
or  of  safety  suited  to  a  steady 

part  of  the  beam,  as  computed 

g  load  alone,  i^  W'.     Compute  I 
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tiie  weight  of  the  beam  from  that  promfianal  breadth,  and  l«t  it  be 

denoted  by  B'.     Then  — -^] j^f  is  the  piopoition  in  which  the 

gross  breaking  load  exceeds  the  external  part  of  that  load.  Conse- 
quentlj,  if  for  the  provisional  breadth  5'  there  be  sufaBtitated  the 
«Bac^  breadth^ 

^°,,wL^F' <^-) 

the  beam  will  now  be  strong  enough  to  bear  both  the  proposed 
external  load  W,  and  its  own  weight,  which  will  now  be 

B'«  W 

^-a^^' <^) 

and  the  true  gross  breaking  load  will  be 

W  =  .,W'+«,B=^4^ (3.) 

As  the  fieu^tor  of  safety  for  a  steady  load  is  in  general  one-half  of 
that  for  a  moving  load,  s^  may  be  made  =  2^2^  ^  which  case  the 
preceding  formuUs  become 

2 W'—B" ^   ' 

2b;w^. 

2W'-B" ^  ^^ 

2  «j  "W* 

^^YW^^" ^^'^ 

In  all  these  formulae,  both  the  external  load  and  the  weight 
of  the  beam  are  treated  as  if  uniformly  distributed — a  suppositiosL 
which  is  sometimes  exact,  and  always  sufficiently  near  the  truth  for 
the  purposes  of  the  present  Article. 

The  gross  load  of  beams  of  similar  figures  and  proportions,  vaiy- 
ing  as  the  breadth  and  square  of  the  depth  directly,  and  inversely 
as  the  length,  is  proportional  to  the  square  of  a  given  linear 
dimension.  The  weights  of  such  beams  are  proportional  to  tiie 
cubes  of  corresponding  linear  dimension&  Hence  the  weight 
increases  at  a  &ster  rate  than  the  gross  load;  and  for  each  paxti- 
cular  figure  of  a  beam  of  a  given  material  and  proportion  of  iti 
dimensions,  there  must  be  a  certain  si^e  at  which  ihe  beam  wiH 
bear  its  own  weight  only,  without  any  additional  load. 
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let  the  unifomly  distributed  gross 
'en  figure  be  expressed  as  follovs ; — 

-.B=»-i^. (7.) 

ipth,  and  sectional  area  of  the  beam, 
It  a  iactor  depending  on  the  form  of 
le  beam  vill  be  expressed  by 
iw'fA; (8.) 

of  volume  of  the  material,  and  k  a 
if  the  beam.  Then,  the  ratio  of  the 
by  ita  proper  &ctor  of  safety  to  the 


■^^' w 

itio  of  the  length,  if  the  proporttou 
}  case,  the  length  L  of  a  beam,  whose 
listributed)  is  its  workdiig  load,  is 
^ ;  that  is, 

^. (.0.) 

3  been  determined  for  a  given  class 
ute  the  ratios  of  the  gross  brealdng 
ixterual  working  load  to  each  other, 
id  of  anj  smaller  length,  /,  according 

luation : — 

-•.:W:B:W; (11.) 

3,  the  &ctors  of  safety  employed  are 
in  question  be  plain  reclangvlar  catt 
,  w'  =  0'257  IK  per  cubic  inch;  let 

;  and  let  7  =  tt-     Then 

is  =  384  feet  nearly; (13.) 

j--::W:B:W. (13.) 
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EzAMFCB  IL — Cast  iron  beam  of  uniform  single  T-shaped 
of  equal  strengtli  (as  in  Article  164^  Case  L,  p.  257). 

Aj  ^  g  Aj  j ,  •,  A  =  ^  A^  and  A^  =  -^  A. 

Wf       7/.A'A,       Uf.hlA^  _  14/,  y  A 

^"    8    ""        24        ""~120       '••^-        157      • 

As  before,  B  =  0*257  I  A; 
Lety^=  80,000  lb&  on  the  square  inch;  y  =  ^h ^  then. 


(14.) 


also, 


*2  B  ^  I  in  inches       - 
Vr-      6,456     '*^* 
L  =  6,456  inches  =  538  feet 


6,456 : 1  :  ^^ — - :  :  W :  B  :  W. (15.) 


ExAicPLB  IIL — Oast  iron  beam  of  uniform  doable  T-«haped 
section  of  equal  strength  (as  in  Article  164,  Case  IL,  p.  257)l 

3  5 

A8=r-^A2+4  Aj  .-.  A=2  A2  +  5  Aj. 

Mo=^=/.A'(~A,  +  A,);.-.W=-^gA,  +  8A,), 

lu  order  to  obtain  a  definite  result,  some  proportion  must  be 
assumed  between  the  area  of  the  upper  flange  A|,  and  that  of  the 
vertical  web  Ag.  For  the  sake  of  illustration,  let  A^  =  A^  -7-2; 
which  proportion  is  not  unusual  in  practice.     Then 

A  =  5A2  =  10Ai  =  -=- Ajj  and 

^  -       I       V15  ^  5;  ""  15  ^1^ 

As  before,  B  «=  0*257  2  A.    Let  /•  =  80,000  lb.  on  the  squan 

inch:  7-  =  =-^;  then 
*       15 


S0  B_^^  in  inches        ,  \ 

"W  "~87762~^' *'''*  V 

=  8,762  inches  =  730  feet  nearly;  j 


.(16.) 


-::W:B:  W. (17.) 

earn  of  uniform  single  T-shaped 
icle  161,  Case  IIL,  jl  258). 

Aj  and  Af  =  j  Aj 

i^'A.   .  ^_7/.&'A 

40   '■■"'-    n   • 

h'      _ 
'  16' 
chea        ,  ^ 

S^'""  (18.) 

aeOfeet  netiiljr  J 

-::W:B:W (19.) 

im  of  nniform  double  T-shaped 
icle  164,  Case  IV.,  p.  268). 

■.A  =  |a,+  |a,; 

...W=/^'(f|A,  +  SA3). 

suit,  let  A|  ^  Aj ;  which  pro- 
Then  A  =  4  Aj;  and 


\      37/.A'A 


ches         ,  \ 

MT'  ""^  f (20.) 

987  feet  nearly;  J 


266  KATERIALS  A3S1>  STRnCTUBBSL 

also, 

11,840  :  g  :  llA^^Jul ; .  W  :B  :  W^. (21.) 

168.  DlfltHbnUen  of  Shrartec  SireM  la  BeuM.     {A.  Af.,  309.)— 

It  has  already  been  shown  in  Article  160,  Division  IL,  how  to  find 
the  greatest  amount  of  the  shearing  action  of  the  load  at  a  given 
cross-section  of  a  beam.  Let  F  denote  that  amount,  A  the  area  of 
the  cross-section  at  which  it  acts;  then 

F 
Mean  intensity  of  shearing  stress  =  -r^ (1.) 

The  distribution  of  that  stress  over  the  cross-section  is  such  that 
its  intensity  is  greatest  at  the  netUral  axis,  and  gradually  diminisbea 
towards  the  upper  and  lower  surfaces  of  the  beam,  where  it 
vanishes.  That  greatest  intensity  is  found  by  the  following  pro- 
cess:— Conceive,  as  in  fig.  136,  Article  162,  p.  250,  the  crt»- 
section  to  be  divided  into  thin  horizontal  layers,  such  as  0;  let  s 
be  the  breadth  of  any  layer,  d  yita  depth,  y  its  distance  from  the 
neutral  axis;  also  let  Zq  be  the  breadth  of  the  cross-section  at  the 
neutral  axis;  I  the  "moment  of  inertia*^  of  the  cross-section,  as 
defined  in  Article  162,  p.  252;  y^  the  distance  from  the  nentnl 
axis  to  either  the  tipper  or  the  under  surface  of  the  beam;  q^i^ 
required  greatest  intensity  of  the  shearing  stress.     Then 

X^Q    J      0 

The  symbol  f  ^  denotes  that  the  integration  or  summation  of 

the  products  yzdyof  the  area  of  each  layer  into  its  distance  from 
the  neutral  axis,  is  to  extend  from  the  neutral  axis  to  cither  the 
upper  or  the  lower  surface  of  the  beam,  that  integration  being 
thus  performed  for  one  only  of  the  two  parts  into  which  the 
neutral  axis  divides  the  cross-section.  It  is  a  matter  of  convenience 
only  wliich  of  those  parts  is  chosen,  as  the  same  result  is  arrived  at 
in  either  case. 

The  maximum  intensity  of  the  shearing  stress  at  the  giva 
cross-section  exceeds  the  mean  intensity  in  the  following  pro- 
portion :— 


'-^  =  hf:^''^r' (^) 


a  ratio  depending  solely  on  the  figure  of  the  OEO80-8ectioiL 


r 
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The  following  table  gives  some  of  its  yalues ; — 

FiouBE  OP  CROSS-SEcnoiar.  ^®«  . 

3 
L  Bectangle,  2;0  =  &,    ....*»*••• ^. 

4 
IL  \E31ip6e  and  dicle^ »«r —      -  • 


m.  iQdlaw  Bectan^< 


3  {hh'-h\h')'{bh^-Vh:^ 


This    includes   I-shaped     2*     (6-6')  •(6/*»-6'^'8) 
sections^ 

IV.  Hollow  square,  A«-A'2, I(^'^A2^^)* 

V.  YL  Hollow  ellipse  and  hollow  circle;  the  numerical  factor^; 

the  symbolical  factor,  the  same  as  for  the  hollow  rectangle 
and  hollow  square  respectively. 

VIL  Single  T-shaped  section ;  flange  Aj ; )  3     4  A  Aj  +  AJ 
web  Ag;  Ai  +  A2  =  A, J  3' Aj^IaJ^+A^)' 

Tin.  Double  T-shaped  section;  flanges  Ap  Ag;  web  A^; 
Aj  +  Aj  +  Ag  =  A, 

A (24  Aj  A3+  12  A;^  A2+  12  Ag  A8)4-  3  Ai~12  A,  A,  A. 
Aj  (24  Ai  A3  + 8  Ai  A2  + 8  Ag  A3  + 2  Ar) 

When  Aj  and  A3,  in  Case  VIII.,  are  large  compared  with  A«, 
—that  is  to  say,  when  a  beam  consists  of  strong  upper  and  lower 
flanges  or  horizontal  bars,  connected  by  a  thin  vertical  web,  the 
shearing  force  may  be  treated  as  if  it  were  entirely  borne  by  the 
vertical  web,  and  uniformly  distributed. 

The  smallest  cross-section  of  abeam  is  generally  fixed  by  reasons  of 
convenience,  independent  of  the  sheanng  force  to  which  it  is  exposed, 
and  is  generally  much  greater  than  is  necessary  in  order  to  bear  that 
force.  But  when  it  is  practicable  to  adapt  the  least  cross-section  of 
the  beam  accurately  to  the  shearing  force,  the  preceding  formulas 
and  talde  furxush  the  means  of  doing  so,  by  making 

?o=fj (4.) 

where  f  is  the  modulus  of  rupture  by  shearing,  and  a  a  foctor  of 
safety.    This  equation  gives  for  the  least  sectional  area^ 


2C8 
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A_2ftA.P_2bA.»F. 


.(5.) 


in  which  fomrnla,  ^(^  A  ^  F  is  to  be  found  by  means  of  equation  3, 
or  of  the  preceding  table  of  examples. 

169.  i»eflecti«B«rBc»H«.  {A.  M.,  300  to  304.)— Bj  the  term 
"Deflection"  when  not  otherwise  specified,  is  understood  the  greaM 
displacement  of  any  point  of  a  loaded  beam  from  its  position  when 
the  beam  is  unloaded.  Three  cases  may  be  distinguished, — ^that  d 
Deflection  under  any  load,  that  of  Proof  Deflectiony  or  deflection  nailer 
the  greatest  load  which  does  not  impair  the  strength  of  the  beam, 
and  that  of  UUimate  Deflection,  or  deflection]  immediately  before 
breaking.  When  the  load  does  not  exceed  the  proof  load,  the 
deflection  of  a  given  beam,  under  a  load  distributed  in  a  given 
manner,  is  very  nearly  proportional  to  the  load :  when  the  proof 
load  is  exceeded,  the  deflection  increases  in  general  faster  than  the 
load,  and  in  an  irregular  manner,  so  that  the  ultimate  deflecUon  is 
not  capable  of  exact  computation.  The  remainder  of  this  Artide 
will  therefore  relate  to  deflections  under  loads  not  exoeeding  tlie 
proof  load. 

The  determination  of  the  deflection  of  a  beam  under  a  tnmsvefae 
load  is  a  process  which  consists  of  three  steps,  by  which  are  foniKl 
successively,  the  curvature  at  any  cross-section,  the  dope  at  anj 
cross-section,  and  the  deflection. 

Step  I. — To  find  the  curvature  at  a  given  cross-secUon,— divide 
the  bending  moment  at  that  cross-section  (as  found  in  Article  160, 
Division  III.,  p.  242)  by  the  "moment  of  inertia"  of  that  section 
(as  found  in  Article  162,  p.  252),  and  by  the  modulus  of  diitcl 
elasticity  of  the  materiaL  The  result  is  the  curvature, — ^that  is, 
the  recipracal  of  the  radius  of  curvature  of  a  longitudinal  line  in  the 
beam,  which  was  straight  when  the  beam  was  unloaded.  Denote 
that  radius  by  r,  and  the  other  quantities  by  the  symbols  ahead/ 
employed;  then 

1=^ (1.) 

The  positive  or  negative  sign  of  this  expression  will  show  whethei 
the  curvature  is  concave  upwards  or  downwards. 

When  the  beam  is  under  its  proof  load,  and  the  given  oroes-ted^f^ 
is  tliat  of  greatest  stress,  let  M^  denote  the  bending  moment  of  thst 
section,  and  Iq  the  moment  of  inertia;  then,  as  has  been  shown  » 
Article  162,  equations  2  a,  3^  4,  and  5,  we  have 
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(where/ is  the  modulus  of  proof  strength,  or,  for  most  materials, 
iT?"  ""^t^  to  one-thiid  of  the  modulus  of  rupture,  see  Article 
i40,  p.  ^z:S)i  so  that,  in  the  case  now  considered,  equation  1  becomes 

ro    EI^     Ey^'EwA ^^'^ 

^^^^  ^  meaning  explained  in  Article  162,  p.  252). 

ims  formula  gives  the  shofrpetA  curvature  which  the  beam  can 
Dear  without  injuiy;  and  as  /  -f.  E  is  the  proof  strain  of  the 
matCTial,  that  curvature  depends  on  the  proof  strain,  the  depth  h, 
«nd  the  form  of  section  only.  >  ir       y 

When  the  dimensions  are  all  given  in  inches,  the  bending 
moment  in  inch-pounds,  and  the  moduU  of  proof  strength  and 
elasticity  in  pounds  on  the  square  inch,  the  radius  of  curvature  will 
he  computed  in  inches. 

The  denominator  E I  in  equation  1,  expresses  the  transverse  stiff- 
^i^^^s  or  resistance  of  the  beam  to  bending  at  any  given  cross-section ; 
«id  as  I  may  be  expressed  in  the  form  n'  b  A'  (Article  162,  equation 
«>  p.  252),  ^e  resistances  of  similar  cross-sections  of  beams  of  the 
flame  material  are  to  each  other  as  their  breadths,  and  as  the  cubes 
oftheir  depths;  and  consequently, — 

The  curvatures  of  beams  of  the  same  material  at  sections  ofsimi/^ir 
fyvrts,  under  equal  bending  moments,  are  inversely  as  their  breadHiSy 
ondimeersdy  as  the  cubes  ^their  depths. 

Equation  2  also  shows  that, — 

The  curvatures  of  beams  of  the  same  material^  at  sections  of  similar 
fy^rts,  under  their  respective  proof  bending  moments,  are  inversely 
0*  t^r  depths  simply. 

In  the  case  of  a  cross-section  of  equal  strength  (such  as  those 
^«Kribed  in  Article  164),  equation  2  may  be  put  in  the  following 
form  .—let  fj  and  //  be  the  moduli  of  proof  resistance  to  cross- 
breaking  by  compression  and  by  tearing  respectively;  then 

\j:^fi  (2  a.) 

ro       EA    " 

The  curved  form  assumed  by  an  originally  straight  ^"f^^f^^ 
li»e  in  a  beam  might  be  drawn  approximately  by  the  aid  oi  eq^ 
tion  1,  were  it  not  that  the  great  lengths  of  the  radu  of  c^^^^^^jj 
and  the  smaUness  of  the  ordinates  of  the  curve,  in  aU  ^T^^^^ 
occur  in  practice,  render  it  neither  practicable  nor  ^^^'"^  .  ^^l^ 
the  figure  of  that  curve  in  its  natural  P^^P^^^^P^  Tvrr  C  H. 
«?Uowing  process,  invented,  so  far  as  I  am  aware,  ^y  J^^r.  . 
Wild,  eiibles  a  diagram  to  be  drawn,  which  represents,  with  a  n 
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approacb  to  accuracy,  that  cuire,    tmih  itt  vertioaL  dmennem. 
exaggvattd;  so  as  to  show  conspicuously  the -slopes  and  ordiiuiftea 

Compute,  bj  equation  1,  the  radii  of  curvature  for  a  series  d 
equi-distant  points  in  the  beam.  Diminish  all  those  radii  in  any 
proportion  which  may  be  convenient,  and  draw  a  curve  composed 
of  small  circular  arcs  with  the  diminished  radii.  Then  in  the  same 
i-atio  that  the  radii,  as  compared  with  the  horizontal  scale  of  the 
drawing,  are  diminished,  will  the  vertical  scale  of  the  diavin^ 
according  to  which  the  ordinates  are.shown^.be  exaggented. 


Fig.  146.  Kg.  147. 

Step  II. — ^To  find  the  slope^  or  inclination  of  an  originaDy 
straight  longitudinal  line  in  a  beam  to  its  original  position.  The 
solution  of  this  problem  depends  on  the  principle,  that  the  di^af»A 
of  slope  <U  two  painta  in  that  line,  is  the  product  of  the  didana 
between  those  points  into  the  mean  curvcUture  of  the  portion  of  thsUm 
between  tJiem.  That  is  to  say,  in  symbols,  let  d  x  denote  tiie  length 
of  a  portion  of  the  line,  1  -f-  r  its  mean  curvature,  c?  t  the  di^ 
erence  of  slope  at  the  two  ends  of  that  portion;  then 

di  =  ^. ~ (1) 

Let  «0  be  the  slope  of  the  beam  at  the  point  taken  as  the  origin 
of  co-ordinates ;  t,  the  slope  at  a  point  whose  distance  from  that 
origin  is  a^ ;  conceive  the  distance  ^  to  be  divided  into  an  indefinite 
number  of  small  parts,  the  length  of  each  being  d  x;  compute  by 
equation  1  the  curvature  of  each  of  those  parts,  and  by  equation  3 
the  successive  dijBferences  of  slope;  sum  or  integrate  those  resalta, 
and  the  final  result  will  be  the  whole  difference  between  the  slopes 
at  the  origin  and  at  the  point  x'j  that  is  to  say, 

i=i,+ri±. (4.) 

•'0     ^ 

When  the  beam  is  supported  and  loaded  in  such  a  wa^  that  it  is 
known  to  have  no  slope  at  a  certain  point,  that  point  should  be 
taken  as  the  origin.  This  occurs  in  two  cases;  that  of  a  betfi 
fixed  at  one  end  and  loaded  on  the  projecting  portion  (fig,  U7)? 
which  has  no  slope  at  the  fixed  end  A;  and  that  of  a  beun  sop* 
ported  at  both  ends  and  symmetiically  loaded  (half  shown  in  fi^ 
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146),  wkidi  has  no  slope  at  the  middle  point  A.     In  these  cases, 
let  the  tangent  A  X  C  at  the  point  of  no  slope  be  taken  as  the- 
axisof  ahsassEBy  along  which  a/  is  to  be  measured;  then 

Iq  =  0 ;  and  »  =  /     — - .« .-♦....(5,) 

These  aie  the  most  common  cases  in  pradioe.  In  other  cases, 
the  dope  t^  at  the  origin  must  remain  indeterminate  until  the 
third  step  of  the  solution  is  performed. 

The  following  principles  are  the  consequences  of  equation  3,  when 
tppUed  to  similar  beams  of  the  same  material,  under  loads  similarly/ 
wlributed: — 

The  ^opes  at  corre^^ding  points  are  as  the  lengths  amd  curva- 
tares;  and  therefore. 

Under  equal  loads,  the  slopes  at  corresponding  points  are  directly 
as  the  lengths,  and  inversely  as  the  breadths  and  cubes  of  the  depths; 

Under  the  proof  loads,  the  dopes  at  corresponding  points  are 
dkrtcdy  as  the  lengths,  and  inversely  as  the  deptfis. 

The  following  formulse  express  these  principles,  as  applied  to  the 
findiiig  of  the  steepest  slope  in  a  given  beam,  which  is  in  general  at 
the  point  most  distant  firom  the  point  of  no  slope;  for  example,  at 
B,  in  figs.  146  and  147. 

Under  a  given  load  W; 

steepest  slope  t^  =  ^-^ryp; (6.) 

Under  the  proof  load, 

steepest  slope  i^  =  -p     ,  l} (7.) 

And  in  sections  of  equal  strength, 

.     _  m^  (fa  +A)  c 

*i—  Eh  ^     ^^ 

For  beams  fixed  at  one  end,  e=:l;  for  beams  supported  at  both 
ends,  e=zl  ^2, 

m*  and  n'  are  the  factors  already  explained  in  Article  162, 
equations  3  and  4,  p.  252,  and  of  which  values  have  been  given  in 
the  teUe,  p.  254. 

m'  and  m'"  are  factors  depending  on  the  distribution  of  the  load, 
^  mode  of  support,  and  the  longitudinal  section  of  the  beam. 
^Bzamples  of  their  values  will  be  given  in  a  table  further  on.  They 
hear  the  following  relations  to  each  other : — 

in  beams  fixed  at  one  end  m'"  :=im  m" ;  )       /«  v 

in  beams  supported  at  both  ends  w'"  =  2  wi  m";  j  " "^  '-' 
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m  being  the  factor  already  explained  in  Article  161,  eqnalion  1, 
p.  247,  and  of  which  values  have  been  given  in  the  tables  of  ppu 
245  and  246. 

Step  III. — ^To  find  the  Deflection,  By  this  term  is  to  be  under- 
stood the  depression  of  the  loioest  point  Mow  ike  highest  point  of  am 
originally  straight  horizontal  longitudinal  line  in  the  beam. 

Let  d  xhe  the  distance  between  two  points  in  that  line,  %  the 
mean  slope  of  the  line  between  them,  and  d  v  their  difference  of 
level;  then 

dv  =z  idx. (9.) 

Assume  any  convenient  point  in  the  line  in  qnestion  as  tbe 
origin  of  co-ordinates;  let  x'  be  the  distance  of  another  point  from 
it ;  conceive  that  distance  to  be  divided  into  an  indefinite  nunber 
of  small  parts,  the  length  of  each  being  d  x;  compute,  by  the  second 
step  of  the  process,  the  slope  of  each  of  those  divisions^  and  hf 
equation  9,  ilie  successive  differences  of  elevation  of  their  ends; 
the  sum  or  integral  of  those  results  wiU  be  the  elevation  or  depres- 
sion of  the  point  x'  relatively  to  the  origin,  according  as  it  is  positive 
or  negative;  that  is  to  say, 

«=  f"  idx. (10.) 

J  0 

This  equation  finally  determines  the  figure  assumed  by  in 
originally  straight  longitudinal  line  in  the  beam. 

In  the  two  cases  represented  by  figs.  146  and  147 — that  is,  when 
the  beam  is  symmetrically  loaded,  or  fixed  at  one  end — the  most 
convenient  point  for  the  origin  is  still  the  point  of  no  slope  A,  and 
the  deflection  sought  is  the  difference  of  elevation  between  tbst 
point  and  the  furthest  point  D,  whose  distance  &om  it  is,  in  a 
symmetrically  loaded  beam,  the  hoXf-apan,  ^  -4-  2,  and  in  a  beam 
fixed  at  one  end,  the  length  of  the  projecting  part,  2.  Henoe, 
denoting  the  deflection  by  t;^. 


beam,  v^  =  /  9  f  J  as;  I 

^.   •'•>         Mil-] 


In  a  symmetrically  loaded 
in  a  beam  fixed  at  one  end. 


In  other  cases,  the  most  convenient  point  for  the  origin  of  ( 
ordinates  is  in  general  one  of  the  points  of  support;  the  fixity 
the  other  point  of  support,  for  which  v  ^  0,  will  give  an  equatic 
from  which  t^  in  equation  4  may  be  found,  and  the  ]K)8itions  of  i 
most  elevated  and  depressed  points  are  to  be  found  by  the  cc 
dition  that  for  them  the  slope  t  ^  0.  "F'Tamplefl  of  such  probk 
will  be  given  in  the  sequeL 
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The  following  principles  are  the  consequences  of  equation  9, 
when  applied  to  similar  bearns  of  the  same  materud,  under  loads 
WAtMy  distribuied: — 

Under  equid  loads,  the  d^ections  are  direcUy  aa  His  culea  of  (h^ 
lenffthSf  ana  inversely  as  tJie  breadths  and  cvhes  of  the  depths. 

Under  the  proof  loads,  the  deflections  are  directly  as  the  squares  of 
the  lengths^  and  inversdy  as  the  deptlis. 

The  following  formulae  express  these  principles : — 

Deflection  under  a  given  load  Wy 

n'^^<^  /ION 

Proof  Deflection, 

"^^wwn- <^^'> 

And  in  sections  of  equal  strength, 


i  =         Wh U*^^-) 


''^-         EA 

For  beams  fixed  at  one  end,  e  =  I;  for  beams  supported  at  both 
ends, «  =  Z  ^  2. 

m'  and  n'  are  the  &ctors  already  explained  in  Article  162, 
eqiations  3  and  4,  p.  252,  and  of  which  values  have  been  given  in 
the  table,  p.  254. 

n"  and  n"  are  factors  depending  on  the  distribution  of  the  load, 
^e  mode  of  support,  and  the  longitudinal  section  of  the  beam. 
Thej  bear  the  following  relations  to  each  other  : — 


in  beams  fixed  at  one  end,  n"'  =  m  n";  \ 

in  beams  supported  at  both  ends,  n'"  =:2mn'']  -(^^v 

The  following  tables  give  examples  of  the  values  of  the  factors  in 
•illations  6,  7,  7  a,  12, 13,  and  13  a:— 
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Case. 

A.  TTnifobm  CKOSS-SEcrnoir. 
L  ConstantMomentof  Flex- ) 

ure,... / 

11.  Fixed  at  one  end,  loaded  ) 

at  other, J 

IIL  Fixed  at  one  end,  uni- ) 


formly  loaded,. 

ipported  at  bot 
loaded  in  middle, 


IV,  Supported  at  both  ends, ) 

/,  ..•■•••  I 


V.  Supported  at  both  ends, ) 


Proof  L»d.  Any  U»L 

Factors  for  FuUn  ftr  ^ 

Slope    Deflecdon.  Slope.   Defleeliaa. 
ml*  vf  wT  wT 


1 

2 
1 

3 
1 

2 
2 


uniformly  loaded,  ...•••  j      3 


1 

2 
1 

3 
1 

4 
1 

3 
5^ 

12 


1 

2 
1 

6 
1 

4 
1 

6 


1 
S 

1 

8 
1 

6 
5 

48 


R  TJnifobm  Strength  am)  TTni- 
fobm Depth.  (See  Article 
165,  pp.  259,  2C0.) 

(The  curvature  of  these  is  uniform). 

VL  Fixed  at  one  end,  loaded ) 
at  other, J 

VII.  Fixed  at  one  end,  uni- ) 
formly  loaded, J 

VIIL  Supported  at  both  ends, ) 
loaded  in  middle, j 

IX.  Supported  at  both  ends, ) 
uniformly  loaded, J 


1  1 

2  2 

1  1 

2  2 

1  1 

3  i 


1 

I 


8 


0.  XTnipobm  Strength  and  Uni- 
form Breadth.  (See  Article 
165,  pp.  259,  2G0.) 

X.  Fixed  at  one  end,  loaded  1  o            ?         .2  - 

atother, J  3 ^ 

XL  Fixed  at  one  end,  uni- )  .^^^^       j  ^^^^^^       1 

formly  loaded, j  2 

XII.  Supported  at  both  ends,  Jo  ^  1  - 

loaded  in  middle, J  3 3 

XIII.  Supported  at  both  ends, )   ^.^y^g  q.^^qq  Q.gg^y  Q.1427 
uniformly  loaded, j 
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f  Tinifona  strength,  as  given  in 
those  which  occur  in  practice, 
account  has  been  taken  of  the 
at  the  ends  of  such  beams,  in 
shearing  (see  p.  267). 
Iiiefly  to  m',  the  factor  for  the 
r  the  deflection,  n",  the  error  is 

I*  Depth  »f  •  BrBH  M  the  Bpna 

the  proportion  of  the  greatest 
>d  a  limit  which  experience  has 
ieoce.     That  proportion,  from 


,  ^  -^  2,  of  the  greatest  depth  of 
he  required  sfciifneBa,  is  effected 
le  169,  p.  273,  from  which  we 

ven  by  the  equation 

E.J. (1) 

I!.   », 

ors :  a  factor,  n'-i-i  m',  depend- 
aud  the  figure  of  the  beejn ;  a 
tio  of  the  span  to  the  deflection; 
strain,  or  the  working  strain,  of 
^hcn  the  cross-section  is  one  of 
quation  1  may  be  put  in  the 


-/■)' 


..(2.) 


der  its  working  lead,  uniformly 
ection,  alike  above  and  below. 

,000  be  the  prescribed  ratio  of 


J 
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the  span  to  the  working  deflection.     Let  the  material  be  'wrought 

1  .    / 

iron,  for  which  o~or)(\  is  ^  S3,fe  value  for  the  working  strain  «•    Then 


Ao_  5  ^lfi00_5__    1 
1  ""24 ''3,000  ""72  "^14-4^ 


which  is  very  nearly  the  average  proportion  of  depth  to  span 
adopted  for  wrought  iron  girders  in  practice. 

Example  II. — Let  the  beam  still  be  under  its  working  load, 
uniformly  distributed ;  let  the  cross-section  be  of  equal  strength, 
and  let  the  longitudinal  section  be  one  of  uniform  strength  and  wii- 

fonn  depth,  (See  Article  1  Qo,  Case  IV.,  p.  260.)  In  this  case,  n' = ^• 

Let  Z  -s-  t?i  be  still  =  1,000.  The  material  being  wrought  iron,  and 
the  factor  of  safety  about  6,  let/'.  =  6,000;  A  =  10,000;  and  let 
E  =  29,000,000.     Then 

h_\,  16,000^,000 _    \_ 
l^s'    29,000,000    "14-5' 

being  nearly  the  same  as  in  the  preceding  example. 

Example  III. — As  in  Example  IL,  let  the  beam  be  mider  its 

working  load,  uniformly  distributed;  let  the  cross-section  be  of 

equal  strength,  and  the  longitudinal  section  of  uniform  strength 

1 
and  uniform  deptL     Then  w"  =  x.     Let  the  material  be  cast  iron; 

let  the  factor  of  safety  be  6,  and  let  /'.  =  13,333,  /» =  3,333, 
E=  16,666,000.  The  following  are  the  proportions  of  grat»t 
depth  to  length  for  two  different  values  of  the  proportion  of  the 
greatest  deflection  to  the  length : — 

fori  =  60o4o„^.l_ 
fori  =  800.  ^4- 

171.  0ani«iai7  ef  th«  Process  of  I^esigaing  a  Bcmb. — ^IndesigD- 
ing  a  beam  of  a  given  material,  and  of  a  given  span,  to  support  t 
given  load,  distributed  in  a  given  way,  the  process  to  be  foUovoi 
may  be  thus  summed  up : — 

I.  Decide  to  what  class  of  figures  the  cross-section  shall  bekQg; 
for  example,  whether  it  is  to  be  rectangular,  similar  above  t^ 
below,  T-shaped,  double  T-shaped,  of  eqiml  stren^^h,  and  so  forth 


],  by  the  consideiatioD))  men- 

bending  moment  at  a  sufficient 
greatest  ithearing  force  and 
161,  pp.  239  to  249. 
;  moment  by  a  proper  factor  of 
therwiso  moving  load,  will,  in 
aking  moment  for  rupture  by 
greatest  shearing  force,  multi- 
ves  the  ultimate  resistance  to 
jaring  force  is  greatest 
roduct  of  the  extreme  breadth 
n  of  greatest  bending  moment, 
be  uoduluB  of  rupture  of  the 
)r  (n).  (See  Article  162,  equa- 
alucsof  n,  p.  294.)     That  is  to 


..(I.) 


"/ 

ipth,  already  found :  the  result 
(A,  6'. 

?- shaped  and  double  T-ahsped 
[jtocess  may  not  be  convenient; 
eag  of  the  different  parte  of  the 
:equired  moment  of  resistance 
•y  the  aid  of  equations  1,  2,  3, 
,  ot  of  the  formuhe  of  Article 

d  the  extreme  breadth,  or  sec 

rhe  section  of  greatest  bending 
transverse  dimensions  of  th« 

If  this  is  a  small  fraction  of 
T  obtained  are  sufficient, 
earn  forms  a.  considerable  part 
■lined  are  provisional  only,  and 
onal  areas)  are  to  be  increased 
by  Article  1C7,  equation  1,  p^ 
will  be  increased  in  the  same 

mo  Article,  p.  262,  the  ratio  of 
tal  load  may  be  found  approxi- 
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matelj  so  Boon  as  the  extreme  depth,  and  the  diameter  of  the 
and  longitudinal  sections  have  been  fixed;  and  then  the  breaking 
load  may  be  found  approximately  by  equation  3  of  the  same 
Article,  and  used  in  computing  the  required  ultimate  resistance  to 
croes^breaking  and  to  shearing;  whence  the  true  breadths  and  areas 
of  the  beam  may  be  found  at  once.  But  when  this  method  is 
followed,  the  exact  weight  of  the  beam  should  afterwards  be  com- 
puted from  the  dimensions,  to  test  whether  the  approximate  value 
is  sufficiently  near  the  truth. 

IX.  The  method  of  Article  168,  pp.  266  to  268,  may,  if  neces- 
sary, be  employed  to  test  whether  the  cross-section  at  the  points  of 
greatest  shearing  force  is  sufficient  to  resist  that  force. 

172.  Saddealr-«ppUed  li«ad— SwIIUf-rolltMg  I<Mid.    (A.  M,,  306.) 

— ^A  suddenly-applied  transverse  load,  like  the  suddenly-applied 
pull  of  Article  149,  p.  227,  produces  at  first  double  the  maximmn 
stress,  and  double  the  strain,  which  the  application  of  a  load 
gradually  increasing  from  nothing  to  the  amount  of  the  given  load 
would  produce. 

The  action  of  the  rolling  load  to  which  a  railway  bridge  is  sab- 
jected  is  intermediate,  in  those  cases  which  occur  in  practice,  between 
that  of  an  absolutely  sudden  load  and  a  perfectly  gradual  load.  It 
has  been  investigated  mathematically  by  Mr.  Stokes,  and  experi- 
mentally by  Captain  Galton,  and  the  results  are  given  in  the  Report 
of  the  Conmiissioners  on  the  Application  of  Iron  to  Railway 
Structures. 

The  additional  strain  arising,  whether  from  the  sudden  application 
or  swift  motion  of  the  load,  is  sufficiently  provided  for  in  practioe 
by  the  method  already  so  frequently  referred  to,  of  mAlring  the 
factor  of  safety  for  the  travelling  part  of  the  load  about  doable  of 
the  factor  of  safety  for  the  fixed  part. 

173.  The  Kcsilieoco  or  Spring  of  a  BcmM  {A.  Af.,  305,)    18   the 

ncork performed  in  bending  it  to  the  proof  deflection ; — ^in  other  words, 
the  energy  of  the  greatest  shock  which  the  beam  can  bear  without 
injury;  such  energy  being  expressed  by  the  product  of  a  'wei^t 
into  the  height  from  which  it  must  fall  to  produce  the  shock  in 
question.  This,  if  the  load  is  concentrated  at  or  near  one  pointy  is 
the  product  of  half  the  proof  load  into  the  proof  deflection;  that  a 
to  say,  let  W  be  the  proof  load;  then  the  resilience  is 

^' (..) 

If  the  load  is  distributed,  the  length  of  the  beam  is  to  be  divided 
into  a  number  of  small  elements,  and  half  the  proof  load  on  etek 
element  multiplied  by  the  distance  through  which  that  element  ii 


IAMB.  S79 

J  beam.    Let  u  be  (hat  di»- 


...{%) 


Awi  a  IT  DC  uie  lengui  oi  an  eiemenc  oi  the  beam ;  to  the  intenalj 
of  the  load  on  it,  p^  onit  of  length  j  then  the  resilience  is 


\h 


..(3.) 


rhich  the  determination  of  resilience  is  most  uaefnl 
lose  in  which  the  load  is  applied  at  one  point. 

be  fixed  at  one  end  and  loaded  at  the  other,  e 

of  its  projectdng  part    Then 

i?«iiwn«r  =  ^'^  =  ^-^'-^'-cJA (4.) 

oonaists  of  three  iactore,  viz. : — 

□le  of  the  prism  cdrcnmscribed  about  the  beam, 

ft 
ua  of  SentieTtee/^ ,  of  the  kind  already  mentioned 

1.227. 

ical  &ctor,^ — ,;  in  -which  n  and  m'  (see  p.  252) 

form  of  cross-section  of  the  beam,  and  n"  (see  p. 

D  of  longitudinal  section  and  of  plan.     The  follow- 

af  this  compound  &ctor  for  a  reetanffular  orow- 

1,1        .»v      ,      "»'     n' 

in=s>)n=>^and  therefore  ^ — ,=  ~-i — 

Q  ?  2  m      o 


eadth  and  depth, Tr 

rength,  nnifoim  depU),  jg' 

rength,  uniform  breadth,    • ff 
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If  a  beam  be  supported  at  both  ends  and  loaded  in  the  middley 
its  length  being  Z  =  2  c,  its  proof  deflection  is  the  same  with  th&t  of 
a  beam  of  the  same  transverse  dimensions  and  of  the  length  e, 
fixed  at  one  end  and  loaded  at  the  other;  and  its  proof  load  is 
double  of  that  of  the  latter  beam ;  therefore,  its  resilience  is  double 
of  that  of  the  latter  beam.  Consequently,  for  rectangular  beams  of 
the  half  span  c,  supported  at  both  ends  and  loaded  in  the  middle, 
we  have  the  following  values  for  the  numerical  factor  of  the 
resilience  :— 

n' 

'6* 
IV.  Uniform  breadth  and  depth, ^ 

V.  Uniform  strength,  uniform  depth,   v 

YL  Uniibrm  strength,  uniform  breadth, :     ^ 

174.   KOTcct  of  Twirtiag  on  a  Bean.      {A.  J/.,  320  to  325.)— A 

full  account  of  the  theory  of  resistance  to  twisting  and  wrenching 
would  be  out  of  place  in  the  present  treatise,  as  engineering 
structures  are  never  subjected  to  any  considerable  strain  of  that 
kind.  For  the  solution  of  such  questions  as  commonly  occur  in 
practice  respecting  such  structures,  the  following  principles  are 
sufficient : — 

I.  The  Moment  of  Torsion  or  Trmsting  Moment  of  a  load,  means 
the  moment  of  the  pair  of  equal  and  opposite  couples,  which,  being 
applied  at  different  points  in  the  length  of  a  bar,  tend  to  twist  the 
intermediate  portion,  and,  if  great  enough,  to  break  it  by  wrenching. 

II.  The  UUimaie  Momenl  of  Besistance  of  a  bar  to  wrenching 
ranges  from  about  once  and  a-half  to  twice  its  Moment  of  Be* 
sistance  to  cross-breaking. 

III.  Suppose  that  the  resultant  load  on  a  beam,  W,  and  the 
supporting  pressures,  act  in  a  plane  which,  instead  of  coinciding 
with  the  middle  longitudinal  vertical  section  of  the  beam,  lies  to 
one  side  of  that  section,  and  parallel  to  it,  at  the  distance  L 
Then  besides  the  bending  moment  on  each  cross-section  of  the  beam 
(M),  found  as  in  Article  160,  there  is  a  Twisting  Moment  whoB 
value  is, 

T  =  Pi  L. (1.) 

Pj  being  the  greatest  supporting  pressure. 

In  finding  the  Moment  of  Resistance  (M^  I'equired  to  gire  th 
beam  sufficient  strength,  the  following  formula  is  uear  enoagh  t 
the  truth  for  ptacticu  purposes : — 


tACnOH  OP  BEAUa 


^?}+f- 


..(2.) 


are  to  be  compute<i  as  if  this 
nding  moment  of  the  load. 
nan  of  long  beams  (A.  M.,  309), 

atmoapheric  temperature,  are 
one  end  of  each  b^m  on  rollen 
»  following  table  shows  the  pro- 
%  bar  of  certuin  materials  is 
erature  from  the  luelting  point 

to  the  boiling  point  of  water 
ire  (212"  Fahr.,  or  100=  Centi- 
i(f  Fahr.,  or  100°  Centigrade  :— 
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Mr.  Joule  found  that  moisture  diminishes,  annuls,  and  erai 
reyerses,  the  expansibility  of  timber  bj  heat,  and  that  tensioii 
increases  it. 

176.  BcMM  Fixed  Kt  Both  Biida.  {A.  M.,  307.) — ^The  paiticukr 
problems  respecting  beams,  which  have  been  solved  in  the  preced- 
ing Articles,  have  all  reference  to  cases  in  which  the  beam  is  either 
firmly  fixed  at  one  end  and  loaded  on  the  projecting  portion,  or 
simply  supported  at  the  two  ends  and  loaded  between  them,  and  in 
which,  consequently,  the  determination  of  the  shearing  force  andbend- 
ing  moment  at  each  point,  and  of  the  curvature,  slope,  and  deflectioo, 
are  simple  and  direct  processes,  proceeding  step  by  step  fix>m  the 
determination  of  one  quantity  to  that  of  another.  In  this  and  Hm 
following  Articles,  problems  will  be  considered  in  which  the  shear- 
ing force  and  bending  momaift 
depend,  to  a  greater  or  less  ex- 
tent, on  the  curvature,  slopes 
and  deflection;  and  in  which, 
Fig.  148.  consequently,    the    algebraical 

process  of  elimination  is  often  required,  two  or  more  unknovn 
quantities  having  to  be  determined  at  once  by  solving  an  equal 
number  of  equations  at  the  same  time. 

A  beam  is  Jtaxd,  as  well  as  supported  at  both  ends,  when  a  pur 
of  equal  ana  opposite  couples  are  made  to  act  on  the  vertical 
sectional  planes  at  its  points  of  support,  of  magnitude  sufficient  to 
maintain  its  longitudinal  axis  horizontal  there,  and  so  to  diminish 
the  deflection,  slope,  and  curvature  of  its  middle  portion.  This  is 
generally  accomplished  by  making  the  beam  form  part  of  one 
continuous  girder  with  several  points  of  support,  or  by  making  it 
project  on  either  side  beyond  its  points  of  support,  and  so  fiutening 
or  loading  the  projecting  portions,  that  their  loads,  or  the  lesistanoe 
of  their  fastenings,  shall  give  the  required  pair  of  couples. 

In  fig.  148,  let  C  B  A  B  C  represent  a  beam  supported  at  the 
points,  C,  C,  loaded  along  its  intervening  portion,  and  so  fixed  or 
loaded  beyond  these  points,  that  at  them  its  longitudinal  axis  is 
horizontal,  instead  of  having  the  slope  i\,  which  it  would  haie 
if  the  beam  were  simply  supported  at  C,  C,  and  not  fixed.    At  eadi 
of  the  vertical  sections  above  the  points  of  support,  C,  C,  there  is 
an  uniforTrdy-varying  hofizontal  stress,  being  a  pull  above  and  a 
thrust  below  the  neutral  axis;  and  the  moment  of  that  pair' 
stresses  is  that  of  the  pair  of  equal  and  opposite  couples  whv 
maintain  the  beam  horizontal  at  the  points  of  support     It  is  i 
quired  to  find, — in  the  first  place,  that  resisting  moment  at  ti 
vertical  planes  of  support  (from  which  the  stress  on  the  materii 
there  may  at  once  be  found);  and  secondly,  the  efiect  of  thi 
moment  on  the  curvature,  slope,  deflection^  and  strength  of  the  bean 
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The  general  method  of  eolation  of  this  question  is  as  follows :— * 
Compute^  by  equation  5  of  Article  169,  p.  271,  t'j,  the  slope  which 
the  neutral  snrfaoe  of  the  beam  would  have  at  the  points,  C,  0, 
if  it  were  simply  supported  there,  and  not  fixed.  Then,  by  the 
expression  Elt'i -t-c,  find  the  uniform  moment  of  flexure,  which 
if  it  acted  on  tne  beam  in  such  a  manner  as  to  make  it  become 
convex  upwards,  would  pixxiuce  a  slope  at  the  points,  0,  C,  equal 
and  wnHirary  to  Vy  This  will  be  the  required  moment  of  re- 
sistance at  the  yertical  sections  0,  C.  It  will  afterwards  appear 
that  this  is  the  greatest  moment  of  resistance  in  the  beam ;  so  that 
by  putting  it  instead  of  Mq  in  the  formulae  of  Articles  162,  163, 
and  164,  pp^  251  to  259,  the  conditions  of  strengtb  of  the  beam 
are  detennined.  Denote  this  moment  by  —  M^,  the  negative  sign 
denoting  that  it  tends  to  produce  convexity  upwards,  while  the 
load  on  the  beam  tends  to  produce  convexity  downwards. 

Let  M  be  what  the  moment  of  flexare  at  any  point  of  the  beam 
wfiM  be,  if  it  were  simply  supported  at  C,  C.  Then  the  actual 
moment  of  flexare  is 

and  by  substitating  this  for  M  in  the  equations  of  Article  169,  pp. 
268  to  273,  the  curvature,  slope,  and  deflection,  with  the  proof  load, 
or  with  any  load,  are  found. 

Where  M  is  the  greater,  as  at  A,  the  beam  is  convex  down- 
irarda  Where  M  is  the  less,  as  at  C,  the  beam  is  convex  up- 
"Wards.  There  are  a  pair  of  points,  B,  B,  at  which  M  =z  M^,  so 
that  the  moment  of  flexure,  and  consequently  the  curvature,  vanish, 
and  the  beam  is  subjected  to  a  shearing  force  alone;  these  are 
called  the  poifUs  of  contrary  flexure;  and  they  divide  the  middle 
part  of  the  beam,  which  is  convex  downwards,  from  the  two  end- 
most  parts,  which  are  convex  upwards. 

EzAMPLB  L — Symmetrical  load  on  a  beam  of  uniform  section,  in 
general.  By  Article  169,  equation  6,  p.  271,  observing  that  I  = 
2  ^  we  have 

,  _2m"m   Wc« 
*i~      n*     'EIP' 

And  by  the  table  in  the  same  Article,  p.  274,  Case  L 


^        EI  i\       n'Bbh^i\ 


r=  2  !»"  m  Wc  =  m"  •  w  W  ;  =  m"  '^^......,..{1.) 


284  MATERIALS   AKD   STRUCTUREB. 

Mq  being  what  the  bending  moment  at  A  vxmld  Juive  been,  had  the 
beam  been  simply  supported. 

The  vahics  of  m"  are  given  in  Article  169,  p.  274. 

Let  M'q  be  the  actual  bending  moment  at  A.    Then 

M'o  =  (1  —  m")  Mo (2.) 

The  greatest  moment  of  flexure  must  be  either  at  A  or  O,  or  ai 
both,  if  the  moments  of  these  sections  be  equal  and  opposite.     Bat 

for  beams  of  uniform  section,  m"  is  never  greater  than  ^;  there- 
fore the  greatest  moment  of  flexure  is  at  C,  or  both  at  C  and  A, 
and  never  at  A  alone. 

The  tUtimate  strength  or  greatest  moment  of  resistance  of  the 
beam  is  expressed  by  the  following  formula,  obtained  by  putting  M^ 
instead  ofmWly  in  equation  6  of  Article  162,  p.  253 : — 

Ml  =  m"  w  W  Z  =  nfbh^; (3.) 

W  being  the  breaking  load,  and  /  the  modulus  of  rupture. 

Hence  it  appears,  that  by  fixing  the  ends  of  an  uniform 
that  they  shaU  he  Itorizontal,  its  strength  is  increased  in  the 
l:m\ 

The  deflection  is  found  by  subtracting  that  due  to  the  uniform 
moment  M^,  from  that  which  the  load  would  produce  if  the  beam 
were  simply  supported  at  C  and  C. 

The  result  is  as  follows : — 

fn"       l\    Ml  c«       /   .       m"\  Mo  c«         , . . 

For  values  of  n"  see  the  table  already  referred  to,  p.  274.  From 
the  last  of  those  expressions,  it  appears  that  by  fixing  the  ends 
horizontal,  an  uniform  beam  is  made  stifier  ttnder  a  given  load 
in  the  ratio 


-■■■{"• -f)- 


If  in  the  first  expression  for  the  deflection,  M,  be  considered  to 
represent  the  moment  of  resistance  corresponding  to  the  proof 
or  limiting  safe  stress  at  the  section  C,  we  may  make  M^  ^  I  =/" 
^  m'  h;  so  as  to  obtain  the  following  expression  for  the  deflection 
vmder  the  proof  load: — 


found  in  each  particalar 

(6) 

»  of  the  general  problem 

» t/(«  middle. 


7e  =  nfbh^; 


..(7.) 


between  A  and  CI 
nly  loaded. 


Wl; 
.       3 


...(&) 


nt  the  following  distenw 


iOl; (9.) 

na  depth,  vmf(yrm  load. 
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In  this  case  the  uniformity  of  strength  is  attained  by  making  t^ 

breadth  at  each  point  pro- 
portional to  the  moment 
of  flexure,  as  shown  in  the 
plan,  fig.  149,  preserving, 
at  the  points  of  contrary 
^»e-  1^^-  flexure  B,  B,  a  sufficient 

thickness  only  to  resist  the  shearing  force. 

The  curvature  of  the  beam  is  uniform  in  amount,  changing  in 
direction  only  at  the  points  of  contrary  flexure.  Therefore,  in  ^ 
148,  0  B  and  B  A,  at  each  side  of  thebeam,  are  two  arcs  of  drdea 
of  equal  radii,  horizontal  at  A  and  C,  and  touching  each  other  at 
B;  therefore  those  arcs  are  of  equal  length;  therefore  each  point 
of  contrary  flexure  B  is  midway  between  the  middle  of  the  beam  A 
and  the  point  of  support  C. 

It  is  evident  also,  that  the  proof  deflection  of  the  beam  must  be 
double  of  that  of  an  uniformly  curved  beam  of  half  the  span,  sup* 
ported  at  the  ends  without  being  flxed ;  that  is  to  say,  one-half  of 
that  of  an  uniformly  curved  beam  of  the  same  span,  supported  bat 
not  flxed;  or  symbolically 


/«» 


''i~4*Ew'A 


.(10.) 


The  actual  moment  of  flexure  at  A  must  be  the  same  as  in  an 
uniformly  loaded  beam,  with  the  same  intensity  of  load  w  :=  W  -5- 
2  c,  supported,  but  not  flxed  at  B,  B;  that  is  to  say, 


^o~"   16  ■"  32  "■  4 


.(11.) 


and  therefore,  the  moment  of  flexure  at  G  is 


Jj  being  the  breadth  of  the  beam  at  C,  which  is  three  times  ih« 
breadth  6q  at  A. 

The  breadth  6,  at  any  other  point,  whose  distance  from  A  » 
X,  is  given  by  the  equation 


»40-'^^=('-^^ 


.(13.) 


In  using  this  equation,  the  positive  or  negative  sign  of  the  t^ 
merely  indicates  the  direction  of  the  curvature. 


iirt  C  B  A  B  of  the  beam 

lental  principts  of  tlie 
load  dutribateil  in  any 

kioments,"  due  ori^nally 
by  HeppeL  (Sae  Bresse, 
Proceedings  of  t/w  Royat 

the  coordinates  of  two 
beam,  x  being  borizontuL 
ownwarda. 

those  points  let  u?  be  the 
:  of  the  cro9»-8ection,  each 
riable,  continuous  or  di»- 

adruple  definite  integrals^ 


,..(1.) 


le  whole  span  I,  that  will 
J,  n^,  ita. 

xerted  close  to  the  point 
aent,  and  T  the  tangent 
b  the  same  point.  Then, 
ive,  at  any  point  x  of  tho 


+«; (2> 

4Mon  +  V, (3.) 

:r  end  of  the  span  I,  and 
ig  valnes  for  the  shearing- 


^; («■) 

-^^?1^7..Tl..(5., 


288 


MATERIALS  AlO)  STRUCTURES. 


Cousider,  now,  an  adjacent  8pan  extending  from  the  point  of 
support  (a;  =  0)  to  a  distance  {  —  x  =  l')  in  the  opposite  directaon, 
and  let  the  definite  integrals  expressed  by  the  ibrmulse  1,  vith 
their  lower  limits  still  at  the  same  point  (x=0),  be  taken  for  tbii 
new  span,  being  distinguished  by  the  suffix  —  1  instead  of  1.  Let 
—  ly  be  the  slope  at  the  point  of  support  {x  =  0).  Then  we  have 
for  the  value  of  that  slope. 

Add  together  the  equations  5  and  5a,  and  let  <  =  T  -  T" 
denote  the  tangent  of  the  small  angle  made  by  the  neutral  layen 
of  the  two  spans  with  each  other  in  order  to  give  imperfect  con- 
tinuity. Then,  after  clearing  fractions,  we  have  the  following 
equation,  which  expresses  Uie  Uieorem  of  the  t?iree  momeats: — 

0  =  M.iq.l'^  +  q^^l^  -.n,U^^  n^/ 1^)  -  U,qP  -  M_,^..,P  | 

In  a  continuous  girder  of  N  spans  there  are  N  —  1  such  equatioitt 
and  N  — 1  unknown  moments;  for  the  moments  at  the  endmost 
supports  are  each  =  0.  The  moments  at  the  intermediate  points 
of  support  are  to  be  found  by  elimination;  which  having  been 
done,  the  remaining  quantities  required  may  be  computed  for  anj 
particular  span  as  follows : — The  inclination  T  at  a  point  of  support 
by  equation  5 ;  the  shearing  force  F  at  the  same  point  by  equation 
4;  the  deflection  v  and  moment  M  at  any  point  in  that  span  bj 
equations  3  and  2. 

The  simplest  particular  case  is  that  in  which  the  cross-section  ii 
uniform,  and  the  piers  equidbtant.  It  may  be  deduced  from  the 
general  foimulae.  (See  Proceedings  of  the  Royal  Society,  1869.)  The 
following,  however,  is  a  special  demonstration : — 

Let  fig.  150  represent  a  viaduct  of  several  spans,  consisting  of  s 
continuous  girder  resting  at  0,  C,  0^  &c.,  on  a  series  of  equidistant 


Fig.  150. 

piers.     The  endmost  span  C  E  is  smaller  than  the  rest;  the  prio 
ciple  upon  which  it  iB  to  be  determined  will  be  afterwards  eiq[»lauiec 


EB9.  201 

ivitwn  under  Me 


■- (9i) 

y  loaded  diviaioii  an 

-2w' 

ing  distoncefl  finm  the 
/w—vf 


(10.) 


/tg+2trf 

/  3  («.  +  «■)■ 

poiniB  of  amtrari/ flex- 
loaded  Bpan;  but  ia  & 
point  of  no  cnrrature^ 
is  not  a  point  of  con- 
1  point  in  that  span. 
tJie  end  of  the  Tiaduct^ 
d  at  E  its  weight  jdaj 
oment  of  flexure  —  M^ 
9  may  be  the  case,  its 
to  fulfil  the  following 


iogOx  ia  given  by  th» 

f- (11.) 

ot  greater  than.") 
tber  from  0  than  the 
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farthest  point  of  contrary  flexure,  when  that  division  has  the 
travelling  load  on  it;  that  is  to  say,  the  greatest  limit  of  its  lengtkid 


CE.r^«(iV^) C^) 

In  order  that  the  fulfilment  of  these  conditions  may  be  poaable, 
the  expression  (12)  must  not  be  less  than  the  expression  (U). 
When  the  end  E  of  the  girder  is  not  suppoi-ted  by  the  action  of  tlw 
travelling  load,  it  rests  on  the  abutment  F. 

Throughout  the  whole  of  the  preceding  calculations  in  this 
Article,  it  is  to  be  understood  that  the  sa,me  factor  of  sckfd^  «  on- 
ployed  both  for  the  fixed  and  tlie  travelling  parts  of  the  load.  It 
is  considered  advisable  that  the  factor  of  safety  for  the  ordioaiy 
working  travelling  load  should  be  double  that  for  the  fixed  load  (for 
example,  that  the  former  should  be  6,  and  the  latter  3).  Hence  v 
and  w'dkve  to  be  held  to  represent  the  intensities  of  the  two  parts  of 
the  proof  load,  each  being  one-third  of  the  corresponding  portwa 
of  the  load  which  would  break  the  beam  if  divided  in  the  same 
manner;  so  that  Mq  or  -M^,  as  the  case  may  be,  is  one-third  of 
the  breaking  moment.  In  the  course  of  the  ordinary  traffic  upon 
the  bridge,  the  intensity  of  the  fixed  load  w  will  continue  the  same 
as  before,  while  that  of  the  greatest  travelling  load  will  be  reduced 
to  one-half  of  that  of  the  travelling  proof  load;  that  is  to  ssy, 

179.  BaAer,  or  Sloping  BcnBi  \rilh   an   Abntmool. — In  fig.  15 1^ 

A  B  represents  a  straight  beam,  loaded  with 
weights,  and  having  an  abutment  at  A.  The 
supporting  pressures  at  A  and  B  are  to  be  fonnd 
by  the  process  explained  in  Article  112,  Oaae 
III.,  p.  174. 

Besolve  the  load  and  the  supporting  pressures 
respectively  into  components  parallel  and  per- 
pendicular to  the  beam,  or,  as  they  may  be  called, 
-^Ig,  161.  longitudinal  and  transverse  components.    The 

strain  on  the  beam  is  compounded  of  longi- 
tudinal compression,  produced  by  the  longitudinal  forces,  and  cf 
bending,  produced  by  the  transverse  forces. 

For  example,  let  the  load  be  uniformly  distributed,  and  let  w  be 
its  intensity  in  lbs.  per  lineal  inch  of  the  span  measured  ItorizonloMtf; 
that  is  to  say,  if  I  denotes  the  length  of  the  sloping  beam  betweea 
the  points  of  support  A,  B,  i  its  angle  of  inclination,  and  W  dia 
total  load,  the  value  of  that  intensity  is 

tOnsW  -^^COS  t. (1.) 


STBE^TGTH  OF  ▲  SLOPING  RAFTER. 
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The  sapporting  pressure  at  B  is  horizontal ;  that  at  A  is  iucllned 
at  the  angle  whose  tangent  is  2  tan  i;  and  their  Tallies  are  re- 
ffpectiyelj — 

At  B,  H  =  W-i-  2  tan  t) 

At  A,  J'WTW.  ...)  ^  '^ 

The  longitadinal  components  of  the  load  and  supporting  pressures 
aie  as  follows: — 

Of  the  load,  —  W8int=  —to  I  cos  t  sin  t; 


—.  W^  COS  % 

Of  the  pressure  at  B :  -  H  cos  »  =  — ^— •  — •-  ] 

^  2  sm  t 

Of  the  pressure  at  A;  H  cos  i  +  W  ani 


...(3.) 


the  negative  signs  in  the  first  two  expressions  denoting  downward 
action.     The  transverse  components  are, — 


Of  the  load, — W  cos  ♦=  —  w/cos*t; 

Of  each  of  the  supporting  )  W  cos  i 
f~2~ 


..(4.) 


Let  A  denote  the  area  of  a  given  transverse  section  of  the  beam 
at  £,  whose  distance  from  B  is  denoted  hy  n/.  Then  there  is  at 
that  section  a  longitudinal  thrust  whose  intensity,  found  hj  dividing 
tta  amount  bj  the  area  A,  is  as  follows : — 


,-( 


Wcos^t 
2sint 


+  tox 


cost  sinij  •?- A (o.) 


The  bending  moment  M  at  the  same  cross-section  is  the  same  as 
in  a  beam  of  the  span  I,  loaded  with  to  cos^  i  lbs.  on  the  lineal  inch 
meamtred  cUong  the  beamy  and  is  to  be  found  from  these  data  by 
tiie  formula  of  Article  161,  Case  YL,  p.  246,  or  by  the  method  of 
Article  176,  p.  282,  according  as  the  beam  is  merely  fixed  in  position 
at  A  and  B,  or  fixed  in  directum  as  well  as  in  position. 
It  may  here  be  remarked  that  if  C  D  be  a  horizontal  beam  of  the 
I  cos  i  (being  the  horizontal  projection  of  the  span  of  A  B), 
led  with  the  same  uniformly  distributed  load  W  as  A  B,  and 
or  fixed  at  the  ends  in  the  same  manner,  the  moment 
lexnre  at  F,  the  cross- section  corresponding  to  E,  will  be  the 
liune  aa  at  E. 

Let  I  be  ''the  moment  of  inertia"'  of  the  croes-section  at  E  (see 
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p.  252),  and  m'  h  the  distance  from  the  neutral  axis  to  the  ooneave 
side  of  the  beam.  Then  the  moment  of  flexure  M  produces  an 
additional  thrust  at  that  side  of  the  intensity, 

JP  =— J— W 

80  that  the  greatest  intensity  of  thrust  at  that  cross-section,  andtiu 
condition  that  it  shall  not  exceed  a  safe  limit  of  intensity  (/* )  v* 
expressed  as  follows : — 

P'+/^/ (7-) 

In  the  hest  practical  examples,  the  beam  is  fixed  in  diTectum  it 
A  and  B;  and  in  that  case,  the  greatest  moment  of  flexure,  u^ 
the  greatest  longitudinal  thrust,  both  occur  at  the  abutting  joint  A. 
The  value  of  the  bending  moment  being  taken  from  Article  176, 
equation  8,  p.  285,  the  greatest  intensity  of  thrust  is  found  to  be 


P+^  = 


W 

2A 


/I  .A 
I  -.— .  +  sm  t ) 
Vami  / 


"WTcost^w'A       ,^    . 

+        j2        •— j-^-.-Vi  A.) 


In  designing  a  sloping  beam,  the  depth  h  may  be  fixed  in  the 
first  place,  as  in  Article  170,  p.  275.  The  kind  of  croas-section 
adopted  will  then  fL:si  the  ratios  m\  and  I  ^  m'  A^  A,  I  and  A 
themselves  being  still  indeterminate.  Let  the  last  of  these  ratios  be 
denoted  by  q.   Then  equation  7  may  be  put  in  the  following  foim  v^ 

,      ,    W  (1  /  1         .     A     ^cost)  ,.   . 

whence  is  deduced  the  following  formula  for  computing  the  I^ 
quired  sectional  area : — 

.      W  rl  /  1         .A     ^cosi)  ,., 

Table  of  Values  of  g  =  I  -r-m'/**  A  (  =:^*,  n  having  the  vahei 
given  in  Article  163,  p.  254  j. 

Fork  of  Cross-Sectiok. 
L  Bectangle,  


XL  Ellipse  and  Circle, 


r 

1 
1 


1 
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in.  HoDow  Rectangle,  A  «=  (A -57*'; 


•Jso  I-foimed  sectioii,  6' being 
the  sam  of  the  breadtlui  of 
tiie  Intel  bI  hollows^ 


•eO^Rv'^v'"?*)* 


IV.  BoHow  Sqiiaie,  A^A^-A** ^  0  +  S- 

T.H.-W™,-,.. l(l-|^^.(,_^. 

VL  Hollow  Circle, J^l  +  ^. 

Vjll  T-formed  Section;  approximate  so- 
Intion  as  in  Article  1 63,  equation 
2,  p.  255,— 

(Flange  A,;  web  A^ —^^^^^. 

ViLL  Donble  T-formed  section;  approxi- 
mate sohition  as  in  Article  163, 
equation  4,  p.  256 
(Flanges  A^,  A«;  web  Aoi  the 
beam  supposed  to  give  waj  hj 
crushing  ike  flange  Aj) 

Aj  (Aj +  4  Ai  +  4  Aj)  + 12  Aj  A,, 

'  6(A,  +  2A3)(Ai  +  A,  +  A3) 

IX  Double    T-formed    section,    alike )      1  /-         4  A^    \ 
above  and  below  (Ag=A^; j      6  \      Aj  +  2AiA 

When  the  deflection  of  the  sloping  beam  A  B  is  compared  with 
Uttt  of  the  horizontal  beam  C  D  of  equal  horizontal  span,  and 
under  the  same  load,  it  apx)ears,  from  the  principle  of  Article  169, 
p<  273,  that  ^  those  beams  are  of  eqiuU  Ofnd  simdlar  cross-section, 
thdr  deflections  at  corresponding  points  being  as  the  cubes  of  the 
lengths^  and  as  the  loads  producing  deflection,  which  are  inversely 
as  the  lengths,  are  to  each  other  as  the  squares  of  the  lengths; 
that  is 

Deflection  of  A  B :  deflection  of  C  D  : :  1  :  oos'« (9.) 

^  Also,  the  vertical  components  of  the  deflections  are  as  the  lengths 
■nqily,  or 


296 


MATERIALS  AND  STRUCTURES. 


But  if  A  B  56  increased  in  breadth,  as  compared  with  0  D  in  the 
ratio  of  1  :  cos  i,  or  sec  i  :l,the  vertical  compoTienta  ofthwr  deftectums 
wiU  he  eqfuxl.     This  principle  will  be  referred  to  in  the  next  article 

179  a.  To  Deduce  ifae  Greacert  SireM  In  »  Beam  ft-om  tke  Delecttoa. 

— This  is  done  by  means  of  a  formula  deduced  from  equation  13 
of  Article  169,  p.  273,  as  follows:— 

Let  h  be  the  depth  of  the  beam  at  the  section  of  greatest  stress, 
and  m  h  the  distance  from  the  neutral  axis  of  that  section  to  that 
surface  of  the  beam  at  which  the  greatest  stress  is  required ;  m',  a 
factor  explained  in  Article  162,  p.  252,  depending  on  the  form  of 
cross-section: — 

c,  the  half-span  of  a  beam  supported  at  both  ends,  or  the  length 
of  the  loaded  part  of  a  beam  supported  at  one  end; 

n'\  the  factor  for  proof  deflection,  explained  and  exemplified  in 
Article  169,  pp.  273,  274; 

E,  the  modulus  of  elasticity  of  the  material; 

V,  the  observed  deflection; 
then  the  intensity  of  the  greatest  stress  is 

jPi  =  -!:«-«- (*•) 


n'c^ 


} 


To  the  values  of  the  factor  n"  given  in  the  table,  p.  274,  maybe 
added  the  following,  which  are  taken  from  Articles  176  and  177| 
pp.  284,  285,  286,  288,  and  289. 

Cases. 

XIV.  Beam  fixed  at  both  ends,  section  uniform, ) 
load  in  the  middle, j 

XY,  Beam  fixed  at  both  ends,  section  uniform, ) 
load  uniform, j 

XYL  Beam  fixed  at  both  ends,  depth  uniform, 
load  uniform,  strengtii  uniform, 

XYII.  Beam  imperfectly  fixed  at  both  ends,  section 
uniform,  load  uniform,  the  dead  load  w 
being  small  compared  with  the  rolling 
load  k/,  and  the  greatest  stress  in  the 
middle,  •• 

XYIIL  Beam  imperfectly  fixed  at  both  ends, 
section  uniform,  load  uniform,  the  dead 
load  to  being  considerable  compared 
with  the  rolling  load  v)\  the  lesser  of 
the  two  following  factoi*s  (see  p.  291), 

180.   StveBglh  mad  flcUnicas  ofaa  Arched  Bib  aadci 


Faettn 

1 

6" 

1 

8 

1 

4 

4w+12«/ 

4w  +  8W 
w  +  3« 

87o+T7 


Tcffflcal 


—Fig.  152  represents  an  arched  rib,  springing  from  a  pair  ^ 


r~ 
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Fig.  152. 


abatments,  and    supposed  to    be  tinder  a  vertical    load.      Lei 
6AGDB'    be    a 

curve      traversing    Vf.l^e  ^ 

the  oeotres  of  gra- 
vity of  all  the  cross- 
aections  of  the  rib : 
this  may  be  called 
the  neutral  curve; 
and  it  represent^ 
the  figure  of  a  "lin- 
ear arch,"  or  inde- 
finitely thin  rib,  whose  conditions  of  equilibrium  are  the  same 
▼ith  those  of  the  actual  arch.  Those  conditions  have  been  ex- 
plained in  Article  123,  Case  IT.,  pp.  186, 187;  Article  124,  pp.  187, 
188;  Article  125,  pp  188  to  191;  Article  128,  pp  195  to  198; 
Articles  130,  131,  and  132,  pp.  199  to  203. 

When  a  vertical  load  is  distributed  over  the  arch,  agreeably  to 
ihe  conditions  of  equilibrium  of  the  neutral  curve,  each  particle  of 
the  arch  is  compressed,  in  a  direction  parallel  to  a  tangent  at  the 
nearest  point  of  the  neutral  curve;  and  but  for  the  circumstance 
to  be  stated  presently,  that  compression  would  be  unifonn  through- 
oat  each  cross-section  of  the  rib,  so  that  the  neutral  curve  would  be 
the  "  line  of  resistance." 

But  the  compression  depresses  the  whole  arch,  so  that  the 
neutral  curve  assumes  some  new  figure,  such  as  B  a  c  c?  B',  in 
▼hich  its  curvature  at  each  point  differs  from  the  oiiginal  curva- 
ture; and  hence,  even  under  a  load  distributed  as  for  an  equili- 
hrated  or  linear  arch,  there  is  a  bending  action  combined  with  the 
direct  compression.  When  the  distribution  of  the  load  diflfers 
from  that  suited  to  the  neutral  cui've  as  a  linear  arch,  the  bending 
action  varies  in  its  amount  and  distribution. 

In  either  case  the  arch  acts  in  the  double  capacity  of  a  rib  under 
<&ect  compression,  and  a  beam  under  a  transverse  load ;  and  its 
strain  and  stress  at  each  point  are  the  resultants  of  the  strains  and 
stresses  arising  from  the  directly  compressive  action  of  the  load,  and 
from  its  bending  action. 

Paoblex  First.  General  Case, — In  solving  problems  which 
relate  to  this  subject,  it  is  in  general  most  convenient  to  measure 
co-ordinates  from  a  point  such  as  O,  in  the  same  vertical  line  with 
one  end,  B,  of  the  neutral  curve. 

0  bebg  any  point  in  the  curve,  let 


Letts 


«  =  O  E  be  its  horizontal  distance  frx)m  0; 
^  =  E  C  its  vertical  depth  below  O; 

B  B'  be  the  span  of  the  neutral  curve,  and  k  its  risa 
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Let  w  he  the  whole  intensity  of  the  vertical  load,  whether  oon- 
atant  or  variable^  in  lbs.  per  inch  of  horizontal  diBtance,  so  that 


/: 


w  d  xia  the  whole  load  on  the  arch. 


The  load  to  d  x  on  each  small  portion  of  the  arch  may  be  ood- 
ceived  to  consist  of  two  parts, 

w^  d  X,  producing  direct  compression  alone,  being  distributed 
according  to  the  laws  of  the  equilibrium  of  a  linear  ajnch, — thai,  is, 

in  such  a  manner  that  w^  r=H--T^  (H  being  the  still  undeta^ 

mined  horizontal  thrust  of  the  arch),  and 

(to  —  toj  c? a?  =  (to  —  H  j-;^)  dXf.^. ^•..(1.) 

producing  bending. 

Having  formed  the  {Heoediiig  expression,  by  putting  for  w  tod 

-j-^  their  proper  values,  proceed  as  follows : — 

The  vertical  component  of  the  shearing  force  at  any  point,  nek 
as  C,  is  (see  p.  242)— 


F  =  ..-/>.,  +  =^_^ 


m 


F^  being  the  still  undetermined  vertical  component  of  the  sheu^ 

ing  force  at  B,  and  -~^  the  slope  of  the  neutral   curve  at  ib«* 

d  Xq 

point. 

The  bending  moment  at  0  is  (see  p.  243) — 


M 


=  Mo  +  Tf  rf«  =  Mo+ Foo?— r Tw  Ja:^  — 

Mq  being  the  still  undetermined  bending  moment  at  R 
The  alteration  ofctMrvature  produced  in  ike  neutral  curve  at  C  1)7 
the  bending  action  is  —  M  -^  E  I,  the  n^pative  sign  being  piefixfid 
to  denote  that  downward  curvature  is  to  be  considered  as  positiTB; 
and  the  alteration  of  slope  is  expressed  as  follows: — 


.      dv      .        r«  M       /TTT^    , 


.-W 
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j^  being  the  still  undetermined  alteration  of  the  slope  at  SL 
The  vertical  deflection  at  G  is  expressed  thus, — 


J  0 


d  X, (5.) 


The  bending  action  of  the  load  is  thus  expressed  by  the  four 
equations,  2^  3,  4,  5,  containing  four  indeterminate  constants,  H, 
Fq,  Ifl^  i^  If,  in  each  of  those  equations,  x  be  made  =  Z,  ex- 
pressions are  obtained  applicable  to  the  further  end  of  the  span,  B'. 
These  expressions  may  be  denoted  by  F^,  M^  t^,  Vy. 

Let  d  B  =  C'D=Jdx^  +  df/^  denote  the  length  of  an 
indefinitely  short  arc  of  the  neutral  curve.  That  arc  is  not  altered 
in  length  by  the  bending  action  of  the  load;  but  it  is  altered  by 
the  direct  compression  in  the  proportion  given  by  the  following 
equation:-— 

'^  d  8 
dt  dx  ,« V 

d. ^X' <^> 

in  which  A  denotes  the  sectional  area  of  the  rib  at  0,  and  tiie 
ni^tive  sign  indicates  compression. 

To  find  the  combined  effect  of  the  bending  action  and  the  com-, 
pressiye  action  on  the  figure  of  the  neutral  curve,  proceed  as 
follows:— 

Let  tt  denote  the  positive  horizontal  displacement  of  a  point  in 
i^  sach  as  C.  For  example,  0  D  being  the  original  position  of  an 
indefinitely  short  arc,  and  c  J  its  altered  position,  let 

0E  =  «;  OF  =  a:  +  c?«; 

EC  =  y;  FD  =  y  +  c?y; 

CD  =  Jfij 
Oe=a5  +  tt;  0/=  x  +  u-^-dx  +  dui 

«  «  =  y  +  «;  fd  =  y  +  t7  +  cZy  +  c?v; 

cd=zd8  +  dt. 

Then  firom  the  two  equations, 

d^^dx^  +  d^l 

{d9^dif=^{dx  +  duf  +  {dy'\-dv)^', 

The  following  is  deduced : — 

^dB'dt  +  d^7=2dx'du  +  du^  +  2dy'dv  +  di^l 

and  from  this  the  terms  d  fl,d  u^,  d  v\  may  be  rejected,  as  inap- 


I 

L 
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preciably  small  compared  with  the  other  terms,  redadDg  it  to  ilio 
following : — 

whence  is  obtained  the  following  expression  for  the  JtorizonUd  (&- 
placement  of  D  rdaJtvcdy  to  C : — 

du=~dt—^dv. (7.) 

dx  d  X  ^  ' 

dfi 
For  d  t  put  its  value  according  to  equation  6,  and  make  -.— ^  =  1  + 

-y^,  and  dv  =  idx}  then 

which  being  intep^rated,  gives  for  the  horizontal  displaoemeot  of  C 
relatively  to  B  and  in  a  direction  away  from  it^ 

"=-/:{#a04S)'+'Ii}^-- <^) 

an  expression  containing  the  same  four  indeterminate  coustanti 
that  have  already  been  mentioned;  and  if  a;  be  made  =  /,  there 
is  obtained  the  alteration  of  ike  span  B  B',  which  may  be  denoted 
by  «!• 

If  the  abutments  are  absolutely  immoveable,  u^  =  0.  If  ibej 
yield,  u^  may  be  found  by  experiment.  Hence,  as  a  first  equatum 
of  condition  for  finding  the  indeterminate  constants,  we  have 

u^  =  0,  or  a  given  quantity. (9.) 

A  second  equation  of  condition  expresses  the  immobility  in  * 
vertical  direction  of  B',  the  further  end  of  the  rib,  and  13  m 
follows : — 

t7i  =  0. (10.) 

The  ends  of  the  arched  rib  are  either  fixed  or  not  fixed  in 
direction.  In  the  former  case,  1q  =r  0 ;  and  in  the  latter,  M^  :=  0; 
so  that  in  either  case,  the  number  of  indeterminate  ooostanti  if 
reduced  to  three.  One  more  equation  of  condition  is  therefcn* 
required;  and  it  is  one  or  other  of  the  following: — 

If  the  ends  are  fixed  in  direction,  i|  r=  0; (IL) 

if  they  are  not  fixed  in  direction,  M^  =  0. (11  A.) 
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The  values  of  the  three  constants  being  found  by  elimination 
from  the  three  equations  of  condition,  are  to  be  introduced  into  the 
expressions  for  the  moment  of  flexure  (3)  and  the  deflection  (5), 
vhich  will  now  become  formulse  for  calculation. 

If  thrust  be  treated  as  positive,  and  tension  as  negative,  the 
greatest  intensity  of  stress  at  any  given  cross-section  is  to  be  com- 
puted by  the  formula, 

dx  ^_  ^  m'  h 


^i  =  -I-=^-r-' W 

the  positive  or  negative  sign  being  used  according  as  the  moment 
H  acts  towards  or  from  the  edge  of  the  rib  under  consideration, 
whose  distance  from  the  neutral  curve  is  m'  h. 

From  the  expression  12  may  be  deduced  the  position  of  the 
point  where  the  stress  is  greatest  for  a  given  arrangement  of  load, 
the  arrangement  of  load  which  makes  that  stress  an  absolute 
maximum,  and  the  corresponding  value  of  the  stress. 

The  vertical  demcUion  of  the  line  of  resistance  from  the  neutral 
carve  at  any  point  is  given  by  the  expression 

M^H; (13.) 

tod  its  perpendicular  or  normal  deviation  by  the  expression 

M-^H^; (14.) 

and  these  deviations  take  place  in  the  direction  towards  which  M 
lets. 

When  the  deflection  is  found  by  direct  experiment,  the  following 
ionnala  may  be  used  to  compute  the  greatest  stress  from  it : — 

H  — 

dx    .   4  Em' At; 

^1=  "A~  w"  l^     ' ^^"^'^ 

the  second  term  being  similar  to  the  expression  in  Article  179  a, 
p.  296. 

The  preceding  is  a  general  method,  applicable  to  all  cases  in 
which  the  load  is  vertical  The  following  particular  cases  are  the 
most  useful  in  practice : — 

Proeleh  Secokd.  Rib  of  Uniform  Stiffness, — If  the  depth  and 
figure  of  the  cross-section  of  an  arched  rib  are  uniform,  and  its 
breadth  is  at  each  point  proportional  to  the  secant  of  the  inclination 
of  the  rib  to  the  horizon  at  that  point;  that  is,  to 
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00  tliat  if  Aj^  be  the  sectional  area,  and  I^  the  moment  of  inertia, 
of  the  lib  at  the  crown,  and  A  and  I  the  corresponding  quantities 
at  any  other  point,  we  have 


'Vi+JS'i=iVi'+S'--^^^) 


then  the  intensity  of  the  direct  thrust  along  the  rib  is  eveiyvbere 
equal,  and  the  vertical  deflection  at  each  point  is  the  same  iritli 
that  of  an  uniform  straight  horizontal  beam  of  the  same  aectum 
with  the  arched  rib  at  its  crown,  and  acted  upon  by  the  same 
bending  moments. 

This  is  expressed  symbolically  by  introducing  the  preoedii^ 
expressions  into  equations  4,  6,  8,  12,  and  15,  which  now  take  the 
following  form : — 

j-:=-iS;' <«*•> 

In  the  present  case,  as  well  as  in  all  cases  in  which  the  depth 
and  figure  of  section  are  uniform,  it  is  convenient  to  express  the 
moment  of  inertia  of  the  cross-section  in  terms  of  its  area  and 
depth,  as  in  Article  178,  p.  294,  by  the  aid  of  a  £a.ctor  q^  aa 
follows : — 

I  =  <7  m'  A2  A; (17.) 

(see  the  table  of  values  of  q,  pp.  294,  295);  for  thus  E  A|  if 
rendered  a  common  divisor  in  the  expi-ession  (8  A.)  for  the  change 
of  span,  which  becomes 

j'l&'da^l; 

while  equation  12,  for  the  greatest  stress  at  a  given  croaa  oectioiii 
becomes 
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(IS'^) 


L{h-?.} 


if  computing    the   requisite    area    o( 
;b  and  figure  bava  been  fixed  before- 


3  are  not  of  common  occurrence  ia 
elating  to  them  niny  be  applied  with 
ribs  of  uniform  siiction. 
[  which  t/ie  AbtUmeiiU  yield  proportion- 
. — Let  the  enlai^eme:it  of  the  span  of 
ii-ust  be  expressed  by  the  equation 

».  =  »H; (Si.) 

[lowing  form : — 


^A-A' 


^^.  =  OKSa) 


oe  determined  by  experiment.  For 
lie  recent  experimeuts,  a  stone  pier,  24 
i  at  the  base,  was  found  to  yield  to  the 
)  a  thrust  of  210,000  lbs.  applied  at 
base.     lu  this  case,  the  value  of  a  was 

-,  =-000,001,12o. 


wanting  to  establish  general  principlea 
id  abutments. 

■lolui  Rib  with  Rolling  Load;  the  Ends 
•lents  immoveable. — The  following  is  the 
e ; — Let  the  neutral  curve  B  A  B'  be  a 
brm  depth  and  uniform  NtilTness;  and 
1  flat,  and  accurately  bedded  on  the 
MI>ring,  ao  that  their  directions  may  be 

;.=h  =  o (IS.) 

Uiites  on  a  level  with  the  siimmit  of  the 
^uatiou  of  that  cui've  ia  as  follows,  h 
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y-X-'^y-' -(20.) 


Whence  we  have—  * 


U-2  (l         \2     ri  /     ,  dy^    ,         ,  , 


0 


8^ 

72- 


"We  further  find — 


(21.) 


/i  -r~ dx=  j    -~  dv:=  (because  Vq  =  «j  =  0) 
0    «aj  J  qUx 

,J^'"'«'=-iry/'^«J (22.) 

being  in  this  case  simplj  proportional  to  the  area  of  defieciion, 
j    vdx. 

Let  the  rib  be  under  an  uniform  fixed  load,  Wq  lbs.  on  the 
horizontal  lineal  inch,  and  a  rolling  load  of  to  lbs.  on  the  horizontal 
lineal  inch ;  the  rolling  load,  covering  the  horizontal  length  rloi 
the  rib  at  the  end  furthest  from  the  origin  of  co-ordinat^  leaves 
(1  —  r)l  unloaded. 

Then  equations  2,  3,  4,  and  5,  become  as  follows: — ^formobe 
relating  to  the -unloaded  division  being  denoted  bj  A,  and  those 
relating  to  the  loaded  division  by  B, — 

Shearing  Fobce, — 


(A.) 
(B.) 


F  =  F.+  («4?-«,o)«:; 


1 


=  T,+  (^^-u>,)x-io{x-{l-r)l]i\ 


K23.) 


Bending  Moment, — 


(B.) 


M  =  Mo  +  Fo «  +  (~p~  - "'oj 2  -    c (24) 

w/as  — (1— r)/l* 


ic  iim  raxE 


3iH        'Y 

-^ — "'V 


iH         \a 

etoadd+=2 
ion  are  the  f 


I'SiH 
V-jr— ° 


)-5-  +  ? 


7+ -far" 

^'??)}= 

1  the  thi-ee 
ned;- 

IF      ■  V 
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then  the  horizontal  thiiist  is 


H  = 


^ 


I  ti;o  +  to  (10  r»  —  15  r*  +  6  r^)  I  (31.) 


8(1+B)A; 
the  bending  moment  at  the  luloaded  end, 

^  _  .  llf^ 3r* 

12  'l+B  '    12   1**^      ^^ 

10  rS  —  15  r*  +  6  t* 


1  +  B 


(32.) 


and  at  the  loaded  end, 


6 


_M  -^  

^~  12  -l  +  B 


+ 


} 


8r»+3r^  — 


l  +  B 


"  (33.) 


The  gpreatest  intensity  of  sti^ess  occurs  at  the  loaded  end  of  the 
ribj  and  its  value  is^  for  thrust; 


+  tc 


(si<»''- 


8f«+3r*)  — 


10r»_16r*  +  6f« 


l  +  B 


\3qh      k)))' 


(34.) 


for  tension,  let  j/^  denote  the  stress,  and  q'  the  valne  of  the  fiicta 
q;  then 


+  w 


1    /Ml      H^  --^    (   «o     /^2B        1\  ] 
^»  ~  Aj  V^li  ~  ^y  ~  8  Aj  |l  +  B  VSy-A  ~  i/ 


8  r»  +  3r*)  — 


10  r3  —  15  r*  +  6  r« 


(3?/i"**^)jj  . 


l+B 


(35,) 


Let  r^  denote  the  value  of  r  which  gives  the  absolute 
of  thrust;  /^  that  which  gives  the  absolute  maximum  of 
(if  any),  then 
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(1  +  B)  -4-  ( 1  H — YTi  is  equal  to  or  greater  than  5  -f-  2,  the 

greatest  intensity  of  tension  also  takes  place  when  the  beam  m 
loaded  along  its  whole  length;  that  is  to  say,  ri  =  ri=  Ij  ^d 
then  we  have  the  following  equations : — 

H-^-H±^).  (31a) 

The  effect  of  an  availiary  JioriaorUal  ffirder,  made  fast  to  the 
arched  rib  at  its  crown,  will  be  considered  further  on  (pp.  313, 3U). 

Problem  Fifth.  In  tJie  same  case,  token  the  AbutmetUi  yield  U> 
the  thrust  so  as  to  enlarge  the  span  to  the  extent  t^  =:  a  H;  it  is  onhf 
necessary  to  make,  throughout  the  formulae  of  Problem  Fourth, 

^  =    4F-  V +3? + —r^J ^^^-^ 

Problem  Sixth.  Parabolic  Rib  of  equal  stiffness,  supported  at&e 
ends,  but  not  faced, — The  formulse  of  Pi-oblem  Fourth  are  applicable  to 
this  case,  with  the  modifications,  that  Mq  and  M^  are  each  =  0,  and 
that  t'o  becomes  an  indeterminate  constant.  Hence  the  followbg 
results,  in  which  the  terms  enclosed  in  square  brackets,  [  1  have 
reference  to  the  loaded  division  of  the  lib  only : — 

F  =  F„+(i^_«,o)«-[«,{«-(l-r)«}];(4i.) 


2  J 


.(4i) 


n 


?10 
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and  eliminating  F^  between  this  equation  and  48,  we  obtain  tho 
following  :-^ 

-^1®^  ^       ^    L..(50.) 

wl^ekice,  using  the  following  abbreviation, — 

o=!^-i'('+1>+'-¥>)} W 

Ve  have  the  following  values  of  the  horizontal  thrust,  and  of  tlii 
other  constants, — 


r> 


2(1+0) 
5r2  — 6r*  +  2rS 


2(1 +  C) 


)}• 


(54.) 


The  shearing  force  at  the  loaded  end  of  (^  rib  ia  (witb  the  ogn 
reyersed) — 

P  =  — Fi  =  — Fo  +  «>oi  +  «rZ—  ®*^ 


2 


=  -2"  +  "2  (2r  — »*) ^ 


-2U  +  0^*'V  2(l-|-0      //• 


(55.) 


To  avoid  negative  signs  in  what  follows,  this  is  denoted  «i  above 
by  P. 

The  greatest  bending  moment  occurs  at  a  point  whose  horiawtil 
distance  from,  the  loaded  end  of  the  rib  is 


Z  — aj  = 


•Pd+w  — 


SkK; 


.{K) 
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bending  moment  is 

=.K+„7-^^ <"■> 

\  thrust  whose  inten^tf  ia 

^(^+=) • <»-»•> 

in  of  the  rib  muat  be  loaded,  in  order 
:  maximum,  and  what  that  maximum 
1^  from  the  equation 

^  =  0 (59.) 

irteenth  order.  One  of  its  roots  is 
es  a  minimum  value  of  p^.  Dividing 
r  ^  0,  il  ia  reduced  to  Uie  thirteeoth 
plex  to  be  empjojed  as  a  formula  for 

1,  that  with  those  proportions  which 
approximation  to  the  absolute  maxi- 
is  foimed  hy  assuming  <m«  ha^  qf 


'  =  1 w 

of  r  into  the  preceding  formuln,  we 


ICA-nBUIS  AH 


T(l-x)_P    \^ 

=     I         u — 


iBtrate  this  hya 


=  (this  value  requires  an 
0;  (that  is,  l«t  the  abnti 


et  the  mtensit;  of  the  ro 
I,  or  w  =  to^    Then 

H  =  1-48 
P  =  0-13 
t  —  as  =  l 
M'  =  0-0] 

n  til  an  the  bendiog  mom 
le  irhole  span,  in  the  rati 

4.(s+=)=x:( 

oi  Seventh.  To  find  ti 
greatest  value  of  v  is  ta 
t  can  be  deduced  from 
i  43  and  44  of  Problem 
those  problems  relate,  tl 
the  middle  of  the  rib, 
hat  is,  when 


i  WITH  STRAIOHT  BXAJf. 


BL  etiffnesa,  ^fixed  in  direction  at  the  ends, 


B)'     •  ~     2  (1  +  B)  ' 

r  _  ^  (to  +  «Pq)  I 


-B) 


■;  and 


12(1  - 
?*("'  +  '^o)B 
m'  A^  E  A,  (1  +  B)' 
heas,  nol^xed  Id  direction  at  the  ends,  we 


..  (61.) 


,..(02.) 


i«EAi(l  +  cy 
anlffi  with  eqn&tion  13,  of  Article  169,  p. 
ttraight  beams  under  any  load,  it  iB  to  be 
oad  in  tlie  present  problem  ia  I  {to  -\-  Wq), 
8,  and  tbat  q  m'  h^  A^  =  I.  Hence  it 
<n  of  an  arched  rib  of  uniform  stiffneEs 
abated  load,  is  less  tban  that  of  a  straiglit 
ihe  same  moment  of  inertia  with  that  of 
1,  in  the  ratio  of 

re  fixed  in  direction  (see  pp.  305,  SOS). 
«  merely  supported  (see  p.  310). 

reied  Rih  of  uniform  Btiffness  fixed  in 
fiaxd  at  tlie  crown  to  a  horizontal  beam.—^ 
before  be  the  arched  rib,  and  E  A  IT  the 
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of  the  straight  and  arched  beams  to  be  the  same  at  correspondiDg 
points. 

The  effect  of  these  struts  is  taken  into  account  by  making  the 
total  moment  of  inertia  of  the  cross-section,  in  the  formula  of 
Problem  Fourth,  viz. : — 

indvde  the  moment  of  inertia  of  the  straight  beam  •  but  the  aret 
Aj  is  still  to  be  that  of  the  arcJied  beam  only. 

Let  the  curved  and  straight  beams  be  so  firmly  connected  at  the 
crown  (A,  fig.  153),  that  their  horizontal  displacement  u  is  the  ame 
at  that  point;  and  let  the  horizontal  beam  aimt  at  its  ends, 
E,  E',  either  against  the  piers,  or  against  some  other  part  of  the 
superstructure,  so  as  to  be  capable  of  resisting  a  thrust.  Then  tbe 
horizontal  thrust  is  no  longer  necessarily  the  same  in  the  two 
divisions  of  the  arched  rib,  A  B,  A  B';  but  when  one  of  those 
divisions  (as  A  B')  is  more  heavily  loaded  than  the  other,  the 
horizontal  thrust  in  the  more  loaded  division  is  greater  than  in  the 
less  loaded  division,  the  excess  being  resisted  by  that  part  of  the 
horizontal  beam  (A  E)  which  is  above  the  less  loaded  division. 

It  is  unnecessary  to  give  here  the  complete  detailed  investigation 
of  this  case,  or  to  do  more  than  to  state  the  most  important  nsult 
of  that  investigation,  viz. : — that  with  the  dimensions  and  under 
the  circumstances  that  usually  occur  in  practice,  the  effect  of  the 
resistance  of  the  horizontal  beam  to  a  longitudinal  thi-ust  is  to 
make  the  gi'eatest  intensity  of  stress  in  the  arched  rib  under  every 
partial  load  either  less  than,  or  not  appreciably  greater  than,  the 
greatest  intensity  of  stress  under  a  complete  load,  which  thta 
becomes  the  absolute  maximum  of  stress  in  the  arched  rib,  and  a 
given  by  equations  37  B  for  thrust,  and  38  b  for  tension,  page  30S. 

The  greatest  stress  in  the  horizontal  beam  may  be  found  aj^proxi- 
mately  as  follows : — Let  h'  denote  its  depth,  A'  its  sectional  area,— 
Mj  the  gi'eatest  moment  of  flexure  as  computed  by  equation  33  b, 
p.  308,  H  the  horizontal  thrust  by  equation  31  B,  p.  308.  Then- 
greatest  thrust,  p\  =  ^-^  +  j^^rjr; (^') 

greatest  tension,  p"*^  ^  ovj ^..-...(t>^) 

On  the  subject  of  the  strength  of  arches  in  different  materials,  see 
the  following  Articles: — Stone,  Article  297,  page  432;  Timber, 
Article  345,  page  481,  and  Article  346,  page  482;  Iron,  pbm 
arched  ribs.  Article  374,  page  538;  Iron,  braced  arches,  Article 
380,  page  565.     See  also  T/ie  Engineer,  3d  January,  186a 
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)f  mud.  In  this  state,  althougli  it 
Y,  vhich  resiHts  rapid  alteration  of 
itj';uid  its  co-efficient  of  friction, 
'  them  null. 

frictional  stability  of  earth  depends 
bwtich  the'waterthatitoccaaionally 
The  safest  materials  for  earthwork 
ivel,  and  clean  sharp  saiid,  whether 
crystals,  or  containing  a  mixture  of 
atei'ials  allow  water  to  pass  through, 
an  is  beneficial.  The  cleanest  sand, 
etely  unstable,  and  reduced  to  the 
ontained  in  a  basin  of  water-holding 
id  amongst  its  particles  cannot  bo 

rater,  and  forming  a  paste  with  it, 
earths  of  which  clay  is  an  inRredicnt 
rm  soever  they  may  be,  when  iiret 
led,  and  have  both  their  frictional 
ainished  by  exi>osure  to  the  air.  In 
tnd  clay  are  the  worst;  for  the  sand 
1  the  clay  prevents  its  escape. 
1  reapect  to  adhesion  and  friction  are 
should  never  trust  to  tables  or  to 
ks  to  guide  him  in  designing  earth- 
power  to  obtain  the  necessary  data 
ig  earthworks  in  the  same  stratum, 

i  cubic 


Cubic  Foot.  Cubic  Itri. 

:i7  to  174  lbs.  from  3160  to  4730  lbs. 
2otoi35  „  „  3240103645  „ 
90  to  no  „  „  2430  to  2370  „ 
00  to  119    „     „     2700  to  3210    „ 

■03  .-      »      2750  -. 


63  „   ,,   4370 

"When  rock  is  firm  and  sound,  so 
ihesion  may  be  depended  ufMin,  the 
be  made  vertical,  or  nearly  so. 
he  rock  is  to  be  depended  upon,  is  a 
bv  observation  of  tbe  rock  in  each 


>f  obliquitjr , 
igle  of  repo 
when  O  B  i 

,  Pi  —Pi. 
Fi  +  Pi' 


it  right  ang 
detenuioe 
nintuin  the 
]  pressure  c 


prismatic 


allel  to     ^ 
toEF, 

aity  of  the 
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that  is,   the   difference   betweei 

angie.     Thia  angle  must  not  es 

Then  the  intensities  of  the  con 
^  plana  jxrpendicuiar  to  tiieir  di 


In  fig.  155,  from  one  point  0,d 
O 


Fig.  155.  ^ 

circle  M  K  0,  so  as  to  find  the  ]> 
Titrongh  O  draw  the  straigl 
MOP  =  *,  the  obliquity  of  the 
tlie  semicircle  Y  K  X  in  P  and  ( 
the  intensities  of  the  conjugate  p 

OQ 
OP" 

thnt  is  to  say,  in  algebraical  aym 
OP 
°0C5 


-  cannot  be  greater  than  7, 


r  less  than... 


"OP 

being  the  solution  of  the  problen 

The  following  are  the  extreme 

When  the  prism  C  is  rectangi 

perpendicular  to  each  other,  we 

O  Y  X,  and  consequently 

-  cannot  be  greater 


When  the  obliquity  of  the  pi 


lalesce  in  R,  and  the  two  limita  of 
jures  become  each  equal  to  unity, 


L  B  represent  part  of  the  indefinitely 
a  masa  of  e^h,  either  horizontal, 
lOt  exceeding  the  angle  of  repose  t>. 
divided  into  layers,  euch  as  EF, 
1  of  all  particles,  such  as  C,  into 
E  F,  can  be  divided  by  vertical 
it  follows  that  the  pressure  exerted 
o  the  surface  A  B,  and  the  pressui'e 
i  vertical  The  particle  C,  formed 
J  column  D  G  with  the  layer  E  F, 
es;  and  the  conjugate  pressures 
vely  vertical,  and  parallel  to  the 

le  to  the  weight  of  the  column  of 
article.  Let  x  =  'D  C  be  its  depth, 
»  volume;  theu 

'■«»•■ (5) 

at  slope  of  the  layer  E  F,  which  ia 
a  of  the  prism  C,  will,  if  the  earth 
least  intensity  sufficient  to  preserve 
a  by  combining  equation  2  a.  with 


■■■(«■) 


I-  -J  (CO.'  l-cc'  «) 

<+v""(<»"  <-■»»'»)•■ 

[raphically,  construct  fig.  155  as 
.  horizontal,  O  R  inclined  at  the 
;lined  at  the  actual  slope, — that  is, 
the  plane  A  B.  From  F  draw  the 
to  O  P,  cutting  0  X  in  W. 

QiiwKip:/. (7.) 


6  earth  ia  horizontal,  W  and  F  both 
;  so  that, 
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O  X  :  O  Y  :  :  M7  a:  =  ^  :p';  andp'=  to  x  •  L=L?2^.(8.) 

^  1  +  sin  ^  ^  ' 

When  the  upper  surface  of  the  earth  slopes  at  the  angle  of 
repose,  P  and  Q  coincide  with  E,  and  W  with  M  ;  so  that 

OM  lOB.  :  :wx  :p'  =  p;  and  p'  =  p  =  lo  x  cos  9,  (9.) 

There  is  a  third  conjugate  pressure,  exei-ted  horizontally  through 
the  particle  C,  in  a  direction  perpendicular  to  the  vertical  plane  of 
steepest  slope.  Its  intensity  is  represented  in  fig.  155  by  0  Y,  and 
is  given  by  the  following  equation : — 

„_     «>a;-cos^(l-sin<P)    . 
^      cos^-f  ^(cos2tf-cos2(p)' ^^  '' 

and  in  the  two  extreme  cases  it  takes  the  following  values :— For 
a  horizontal  upper  surface,  or  ^  =  0, 

^»      I  1  "■  sin  (p  .... 

^=-p=«''^nii^- ("•) 

For  the  natural  slope,  or  tf  =  ^, 

p"  =  w  X  (1— sin  4>) (12.) 

The  intensity  of  the  greatest  pressure  exerted  through  a  given 
particle  of  earth  is  represented  by  O  X,  and  given  by  the  following 
formula  :— 

_     ^?  gg  •  cos  ^  (1  +  sin  0) 
^A"cos  tf+  J  (cos2  ^-cos2f) (^^^ 

The  direction  of  the  axis  of  greatest  pressure  is  at  right  angles  to, 
and  conjugate  to,  a  plane  bisecting  the  angle  which  a  radius  drawn 
from  C  to  Q  makes  with  the  horizon ;  that  is  to  say,  the  inclinatioii 
of  that  axis  to  the  horizon  is  given  by  the  formula, — 

V'  =  2(<+180--arc-8m^^ (li) 

The  extreme  cases  are, 

"When  the  upper  surface  is  horizontal,  or  ^  =  0; 

p^  =  wx;  ^  =  90°  (or  the  axis  is  vertical).  (15.) 

When  ^  =  ^; 

p^  =  wx{l+Bmi,);yp^t±^; (16.) 
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me  cases,  equations  17  and  I 
lorizontal  surface  j 


oping  at  the  angle  of  repose; 


rth  -with  indefinitely  extended 
I  reality;  but  tlie  formulw  wl 
^ble  to  real  masses  of  earth 
with  a  degree  of  accnracy  Buf 
Tosea.     (See  PkH.  Trans.,  185 
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thematical  theoiy  of  the  combi: 
L  earth ;  but  for  want  of  precii 

ity  is  doubtful 

TiOM  IL — Menauraiion  of  Ea 


piece  of  earthwork  in  general : 

forming,  or  formation,  being  1 
ly,  horizontal,  which  forms  the 
embanknienti 
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the  breadths  of  the  slopes,  and  C  A  and  C  B  the  half-bmdilB  of 
the  earthwork. 

In  iigs.  158  and  159,  where  the  ground  slopes  sidewajB,  tlie 
Tertioal  lines  through  D,  F,  and  E  are  produced,  if  neoesaij,  and 
are  cut  at  right  angles  by  horizontal  lines,  A  L  M,  and  B  N  Pt 
drawn  through  the  edges  of  the  earthwork.  A  L  and  B  K  are  the 
breadths  of  the  slopes;  and  M  A  and  P  B  are  the  half-breadths  of 
the  earthwork. 

When  the  natural  surface  of  the  ground  is  rugged,  the  best 
method  of  determining  the  breadths  of  the  slopes  of  earthwork  is  by 
measurement,  upon  a  series  of  cross-sections  of  the  proposed  vork, 
plotted  to  the  same  scale  horizontally  and  vertically.  (Article  11, 
p.  11 ;  Article  60,  pp.  97,  98.) 

When  the  natural  surface  of  the  ground  is  level,  or  nearly  levd 
across,  or  has  an  uniform  or  nearly  uniform  sidelong  slope,  thft 
breadths  of  slopes  may  be  found  by  calcidation^  according  to  the 
lules  now  to  be  explained. 

In  each  of  the  following  problems,  h  denotes  C  P  in  figa  157, 
158,  and  159,  being  the  centx^  depth  of  the  earthwork  at  the  giten 
cross-section;  b^  the  hcUf-breadUi  of  the  base,  FD  orPE;  ttol, 
the  slope  of  the  earthwork,  meaning  s  horizontal  to  1  vertiol,  b\ 
the  half-breadth  of  the  slope. 

Pbobleh  First.  To  ccdculate  the  breadth  of  a  dope,  vken  Ae 
natural  ground  is  levd  across. — In  fig.  157, 

6'  =  HB  =  GA  =  «A.  (1) 

Problem  Second.  To  calculate  the  breadth  of  a  dope  iiA«  w' 
naiural  ground  has  a  given  uniform  sidelong  inclinoHon, 

Let  the  natural  sidelong  declivity  be  at  the  lute  of  r  to  1,  tl*^ 
is,  let  r  be  the  cotangent  of  the  angle  which  the  line  A  B  in  fig** 
158  and  159  makes  with  the  horizon. 

Case  L — ^When  the  ground,  in  proceeding  from  the  centre  to  w« 
edge  of  the  eaithwork,  slopes  away  from  the  base^  as  in  the  rip^ 
hand  side  of  fig&  158  and  159 — 


b'==B^^^-L.(hJf) 


.(i) 


Here  the  factor  A  +  ^  represents  H  E,  the  depth  of  the  ewtfc- 

work  at  the  edge  of  the  base. 

Case  II. — ^When  the  ground,  in  proceeding  from  the  ®^*'?? 
the  edge  of  the  earthwork,  slopes  towards  the  base,  as  in  the  Jrf' 
hand  side  of  fig.  158, — 


LHTBWORK.  32T 

(3) 

D,  the  depth  of  the  eat-th- 


^)- 


rsects  the  base  between  tho 
rork,  as  at  Q  in  the  left-hand 


}-.).. 


(4) 

T>,  the  depth  of  the  eartli- 
kt  Q  from  the  centre  line  is 

(=■> 

lis  article  can  be  apjtlied  to 
jrk  and  the  rat«  of  declivity 

0  sitlca  of  the  centre  line,  as 

:,  60 '+  b',  to  the  right  and 
loint,  being  each  increased 
pve  the  Mai  haff-hreadtha  at 
113);  and  these  being  added 
)  land  to  be  taken.  From  a 
points  in  the  centre  line,  the 
ilculated  by  the  method  of 
33,  34. 

se  plotted  on  a  plan,  the 
drawn  thro\igh  them,  and 
angles,  p,  33,  or  by  the  use 

1  af  Earthwork.^ The  COm- 
i-sections  of  a  piece  of  earth- 
volume,  or  "  quantity."  If 
sary  to  find  the  area  of  each 
ipon  a  drawing;  but  if  the 
,  or  has  nearly  or  exactly  an 

given  crosS'Section  can  be 
irve  to  compute  the  breadths 
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The  natural  slope  of  the  groundy r  to  1; 

The  slope  of  the  earthwork, «  to  1; 

The  half-breadth  of  the  base, Iq; 

The  central  depth, Jl 

In  each  case  the  area  of  cross-section  required  will  be  denoted 
by  S.  •  ^ 

Problem  First.  To  compute  tJte  area  of  croas-secUon  of  a  piece 
qfeartfiwork  token  the  gronmd  is  level  across,  as  in  fig.  157. 

S  =  FC-GB  =  A(2  6o  +  ft') 

=  2  ^0  ^  +  «  ^*^- 0) 

pROBLEH  Second.  To  compute  the  area  of  cross-section  of  apiece 
of  eartkworky  when  the  ground  has  an  uniform  siddong  slope,  neC 
intersecting  the  base,  as  in  fig.  158. 

The  area  of  the  trapezoid  GDEH:=rDE-FC  =  2  6oA; 

B  N'H  E 
„       of  the  triangle  B  H  E  = ^ =  (acoarding  to 

Article  184,  equation  2)  -=7 x-  ( ^  +  ~  )  * 

A  L  'G  D 
„       of  the  triangle  A  G  D  = ^ =  (according  to 

Article  184,  equation  3)  -^  .-  ^v— .  (^ j  9 

hence,  adding  those  three  parts  together, 

This  formula  may  also  be  put  in  the  following  form : — 

S  =  8hl  +  2^h^h  +  f^sh^ 

Another  mode  of  expressing  the  same  quantity  is  as  foIloir%*-^ 
*  Soggested,  so  fiur  as  I  know,  by  Mr.  Thomag  Boboti* 


irith  a  table  of  sqaares : — 
i  in  K,  in  the  Tertical  liu« 


riangle  E  D  K 
-DE-FK 


';  T>E  =  2bo and 
&g);  consequently 


')■- 


..(i) 


real  ofike  two  divisiona  of  a 
und  iiUerteOa  the  bate,  as  in 

<  similar  triangles,  QBE  and 
d  the  other  ia  embankment. 
a  cutting;  the  same  figure 
lich  the  larger  triangle  is  in 
coincide,  the  triangles  are 

mailer  triangle.     Then 


=  2(r-.)"- 


{So  —  r  A)' 


..(5.) 


W^ ^^■> 

■Mm  ar  KaHhwvriu. 

ire  ^ven,  wUh  the  longUvdinal 
■■)  of  the  earthwork  between 
imately,  by  the  following 
equal,  bat  not  otherwise : — 


i 


..(1.) 


a-aeeliona  Sg,  S„  S^,  on  given, 
earthtoork  behceen  t/iem,  the 
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V  =  « .  So  +  4  3,  +  8^^ ^,j 

Case  III.  Tuoo  croas-sectiona  given,  and  one  assumed. — Equitioa 
2  may  also  be  used  to  give  a  closer  approximation  than  equation  1, 
when  the  two  endmost  cross-sections  only  are  given,  S^  and  Sj,  hf 
putting  for  S^  the  area  of  an  assumed  cross-section  midway  between 
Sq  and  Sg ;  its  central  depth  being  assumed  to  be  a  mean  between 
the  centi^  depths  of  Qq  and  S2,  and  the  sidelong  slope  of  the 
ground  (if  any),  at  S^  a  harmonic  mean  between  those  at  Sq  and  S^^ 

When  ifve  ground  is  level  across,  this  last  process  gives  the  follow* 
ing  result : — 

Let  Jiq  be  the  central  depth  at  S^; 
then  the  assumed  central  depth  at  S^  is       n      i  <^<^ 

This  formula  is  called  the  "Prismoidal  Formula^"  Another 
form  of  the  same  formula,  convenient  for  use  in  connection  with  t 
table  of  squares,  is  as  follows : — 

Formula  3  is  the  basis  of  Sir  John  Macneill's  earthwork  tables; 
formula  4  of  Mr.  Hcnderson'& 

Case  IY.  An  even  number  of  equidistant  cross-sections  give^  ^ 
8j^,  S2,  <bc.  .  .  .  S^;  the  distance  from  section  to  section  bein^ 

V=  Aa:{|  +  S,  +  S2  +  &a  .  ..+y} (^J 

Case  Y.  An  odd  number  of  equidistant  cross-sections  ffo^ 
^0'  Si»  ^2,  d^  •  •  .  S.;  the  distance  from  section  to  section  beio; 

V=^{So  +  4S,  +  2S2  +  4S,  +  2S4  +  dca... 

+  2S..,  +  4S..,  +  Sw}. 
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Besides  the  eaiihwork  tables  abreadj  mentioned,  manj  others 
hsnre  been  pnblisbed,  such  as  Mr.  Bidder^s,  Mr.  Haskoirs,  &c. 
Sacb  tables  generally  give  either  the  mean  sectional  area  of  a  piece 
of  earthwork  of  a  given  base  and  slope,  and  of  given  depths  at 
the  two  ends,  or  a  number  proportional  to  it;  which  mean  area  or 
namber  being  multiplied  by  the  length,  gives  the  voluma 

Quantities  of  earthwork,  in  Britain,  are  usually  stated  in  cubic 
yards,  while  their  dimensions  are  given  in  feet  The  expressions 
for  volumes  in  this  Article,  being  suited  for  the  case  in  which  the 
unit  of  volume  is  the  cube  described  upon  the  linear  unit,  require 
to  be  divided  by  27,  when  the  dimensions  are  in  feet,  to  reduce  the 
volumes  to  cubic  yards. 

Sometimes,  while  the  breadths  and  depths  are  given  in  feet,  the 

lengths  are  stated  in  chains  of  66  feet ;  and  in  that  case,  to  give 

the  volumes  in  cubic  yards,  the  expressions  in  this  Article  should 

,  66      22  ' 

be  multiplied  by  27  =  9-  =  2444. 

On  the  mensuration  of  earthwork,  the  treatise  of  Mr.  John 
Warner  may  be  consulted  with  advantage. 

Section  III. — 0/  the  Execution  of  Earthwork 


187.  B«rfai9i  mmd  Trial  Shafts. — The  ordinary  method  of  ascer- 
taining the  nature  of  the  material  to  be  excavated,  previous  to  the 
undertaking  or  execution  of  any  piece  of  earthwork,  is  by  boring  a 
vertical  hole  of  about  3^  or  4  inches  in  diameter  in  the  ground, 
snd  bringing  up  specimens  of  the  materials  pierced  through  at 
different  deptha 

Inasmuch,  however,  as  the  specimens  of  materials  so  brought  up 
sre,  in  general,  reduced  to  chips  or  to  powder  by  the  action  of  the 
boring-tool,  and  sometimes  to  paste  or  mud  by  the  action  of  the 
water  which  is  poured  into  the  hole  to  keep  the  tool  cool,  and 
fu^ilitate  its  working  in  hard  strata,  the  infonnation  obtained  by 
boring  is  not  wholly  satisfactory;  for  although  it  shows  the  min- 
oalogical  oomposition  of  the  materials  found  at  different  depths,  it 
leaves  their  probable  stability  in  earthwork  doubtful,  except  in  so 
fiir  as  it  can  be  infeiTed  from  the  resistance  met  with  by  the  boring 
tool ;  and  this  source  of  information  is  available  to  the  engineer  or 
contzactor  at  second-hand  only,  through  the  statements  of  the 
borensw  The  smallness  of  the  hole,  too,  makes  the  results  of  borings 
doobtfiil;  for  what  seems  to  be  a  stratum  of  rock  may  sometimes 
prove  to  be  only  a  solitary  block  or  boulder. 

To  ascertain  completely  the  nature  and  qualities  of  the  materials 
of  an  intended  cutting,  trial-shafts  or  pite  should  be  sunk  down  to 
Ae  level  of  its  bottom.     The  exj^ense  and  time  required  for  sinking 
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■hafts  make  it  impracticable  to  use  them  exclnsiTelj.  The  best 
method  is  to  combine  shafts  with  borings,  by  sinking,  in  eyery  im* 
portant  proposed  cutting,  one  shaft  at  least,  which  should  in  general 
be  at  the  point  of  greatest  depth,  and  making,  besides,  a  series  of 
borings  at  points  200  or  300  janls  apart  These  borings  will  be 
sufficient  to  show  whether  any  change  in  the  stnAtk  occurs  soffident 
to  make  it  advisable  to  sink  one  or  more  additional  shafts  in  a 
given  cutting. 

Boring  tools  are  made  of  wrought  iron,  steeled  at  the  cattiiig 
edges  and  points.  They  are  usually  about  3  feet  long,  or  a  little 
more,  about  one-half  of  the  length  being  the  tool  or  boring  instni* 
ment  proper,  and  the  remainder  the  shank,  which  is  a  bar  of  1  jfib 
inch  square  or  thereabouts,  having  a  screw  at  its  upper  end 
to  connect  it  with  the  first  of  the  lengthening  rode.  These  are 
square  bars,  usually  about  10  feet  long,  of  the  same  diameter  with 
the  shank  of  the  boring  tool,  with  screws  at  their  ends  by  which 
they  can  be  united  together  to  any  length,  required  by  the  depth  of 
the  bore.  The  uppermost  rod  is  capable  of  being  hung  by  a  swivel 
and  rope  from  a  triangle  or  shears  set  up  over  the  bore-hole,  in 
order  to  haul  up  the  rods  when  required.  The  working  part  of  the 
tool  is  made  of  various  figures,  for  penetrating  various  materiak 
The  commonest  forms  are  the  auger,  the  ux>r7n,  and  the  jumfer. 
The  auger,  which  is  used  for  boring  all  ordinary  earths,  shale,  and 
soft  rock,  is  formed  like  a  hoUow  cylinder,  about  3^-inche8  in 
diameter,  with  an  open  sharp-edged  slit  along  one  side,  and  sli^tlj 
contracted  at  the  lower  end,  which  sometimes  (for  boring  soft  ro<^) 
has  a  small  spiral  point  like  that  of  a  gimlet.  It  brings  up  speci- 
mens of  the  material  bored  in  the  inside  of  its  hollow  (^Imdiical 
body. 

The  worm  is  a  sharp  pointed  spiral,  used  for  boring  rock  too  hard 
to  be  pierced  by  the  auger.  After  the  rock  has  been  pierced  by  the 
worm,  the  auger  is  iised  to  enlarge  the  hole  and  bring  up  the 
fragments. 

Both  the  auger  and  the  worm  are  worked  by  turning  them  con- 
tinuously round  towards  the  right  (that  is,  in  the  direction  of  the 
motion  of  the  hands  of  a  watch),  by  means  of  a  cross-head  six  M 
long,  or  thereabouts,  driven  by  two  men. 

To  pierce  rock  that  is  too  hard  for  the  worm,  a  jumper  is  naed. 
Jumpera  are  of  various  figures;  some  flat,  like  a  chisel,  with  a  ahup 
edge  at  the  lower  end;  some  square,  witii  a  four-aided  pyramidal 
point,  like  a  poker;  some  spear-pointed.  The  jumper  is  makxd 
by  raising  it  a  short  distance  and  letting  it  drop,  turning  it  a  little 
way  round  after  each  blow.  It  is  sometimes  simply  hung  bj  a 
rope,  instead  of  being  screwed  to  the  lower  end  of  tiie  lengthening 
rods.     The  materials  broken  by  the  jumper  are  sometimes  brooght 
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up  Ij  the  auger,  aometimes  by  a  sort  of  backet  on  the  top  of  the 
jumper  it8el£ 

Bores  in  very  soft  materials  sometimes  require  to  be  lined  with 
a  series  of  cast  or  wronght  iron  pipes,  pushed  down  as  the  bore 
proceeds,  to  prevent  its  sides  from  falling  in;  the  lowest  -pupe  having 
a  sharp  serrated  edge.  These  pipes  may  be  made  to  screw  together, 
so  that  they  can  be  hauled  up  again. 

The  depth  of  a  layer  of  moss,  mud,  or  quicksand,  at  the  sur&ce 
of  the  ground,  is  sometimes  probed  or  sounded  with  a  long  slender 
lion  rod  called  a  pricker. 

The  operations  of  sinking  shafts  will  be  described  further  on, 
under  the  head  of  Tunnelling. 

In  marking  the  results  of  borings  and  trial  shafts  on  a  section 
(see  Article  11,  p.  10,  and  Article  17,  p.  15),  care  is  to  be  taken  to 
show  nothing  on  the  paper  except  the  facts  actually  observed,  all 
eoDJectural  sections  of  the  strata  lying  between  the  borings  and 
pits,  whether  marked  by  outlines,  colour,  shadings,  or  words,  being 
rigidly  excluded.  The  inseHion  of  such  conjectural  sections, 
although  it  improves  the  appearance  of  the  drawing,  and  makes  it 
more  readily  intelligible,  is  done  at  the  risk  of  misleading  con- 
tractors, and  involving  the  companies  and  engineers  in  heavy 
responsibility.  The  result  of  the  pits  and  borings  being  shown 
exactly  as  observed,  contractors  and  others  are  left  to  draw  their 
own  condusions  as  to  the  intermediate  strata. 

188.  B^Mdistag  Earthwork  is  a  term  applied  to  the  process  of  so 
adjusting  the  formation  level  of  an  intended  work,  that  the  earth 
from  the  cuttings  shall  be  as  nearly  as  possible  sufficient  to  make 
the  embankments,  and  no  more.  The  art  of  making  this  adjust- 
ment by  the  ^e  upon  a  section  of  the  ground  with  sufficient 
accuracy  is  soon  acquired  by  practice.  In  most  cases  it  is  essential 
to  economy  in  the  cost  of  the  work;  for  any  surplus  of  embank- 
ment over  cutting  must  be  made  up  from  "  side  cutting;"  and  the 
earth  from  any  surplus  of  cutting  over  embankment  must  be 
formed  into  "  spoil  banks;"  both  of  which  works  involve  additional 
cost  for  labour  and  land.  But  cases  sometimes  occur,  in  which  it 
is  more  economical  to  make  an  embankment  from  side-cutting 
close  at  hand,  than  to  bring  the  necessary  material  from  a  far 
distant  cutting  on  the  line  of  works,  or  in  which  it  ia  more 
economical  to  throw  part  of  the  material  from  a  cutting  into  a 
^il  hank,  than  to  send  it  to  a  far-distant  embankment  on  the 
line  of  works;  and  these  points  must  be  decided  by  the  engineer  to 
the  best  of  his  judgment  in  each  particular  case. 

189.  The  Tttmpmntvf  Feactag,  erected  before  the  earthwork  is 
commenced,  should  enclose  all  the  ground  required  for  the  under- 
taking;  that  is  to  say,  it  should  run  along  the  outer  boundary  of 
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the  atrip  of  land  which  is  to  be  taken  beyond  the  edge  of  tbtf 
earthwork,  and  whose  breadth  is  added  to  the  half-breadths  of  the 
earthwork  in  calculating  and  setting  out  the  total  half-hraidths 
(p.  113).  In  the  open  country,  where  the  permanent  fence  is  to 
be  a  hcKlge  and  ditch,  the  breadth  of  that  strip  of  land  i»  usnallj 
about  niriafeet;  but  where  ground  is  yaluable,  as  amongst  gudens 
and  pleasure-grounds,  and  in  towns  and  suburbs,  smaller  bieidih^ 
are  used,  as  to  which  no  general  rule  can  be  laid  down. 

The  temporary  fence  usually  consists  of  posts  and  rails  of  Isidi 
or  oak;  the  posts  being  from  4  feet  to  4  feet  6  inches  apart,  abont 
6  feet  long,  driven  from  2  feet  to  2  feet  6  inches  into  ^e  groand, 
from  4  to  6  inches  broad  in  a  direction  across  the  fence,  and  about 
3  inches  thick  in  a  direction  cdong  the  fence;  the  rails  about  9  or 
10  feet  long,  3  inches  deep,  and  1^  inch  thick,  scarfed  in  moitiaes 
in  every  second  post  Sometimes  the  posts  in  which  the  ruls  tie 
scarfed  are  made  stronger  than  the  intermediate  posts,  and  hare 
diagonal  stays  to  increase  their  stability,  the  foot  of  each  sttj 
being  nailed  to  a  small  stake  about  2  feet  long. 

The  best  site  for  permanent  marks  of  the  line  and  leveb  is  netr 
the  fence  (pp.  110,  111). 

190.  If  the  soil  is  wet,  a  caichw«i«r  Dmia  may  be  made  at  tbe 
same  time  with  the  temporary  fencing,  at  one  or  both  sides  of  die 
earthwork,  commencing  at  its  outfall  into  an  existing  main  diain 
or  water  course,  and  working  upwards.  When  the  ground  hai  i 
sidelong  slope  the  catchwater  drain  is  indispensable  at  tbe  upbill 
side  of  the  earthwork.  Thus,  in  fig.  160,  A  B  is  part  of  tbe  \a» 
and  B  C  one  of  the  slopes  of  an  intended  cutting;  C  G  is  part  of  tbe 
natural  ground,  sloping  downwards  towards  0;  D  is  a  catdnrata 


Fig.  ICO.  Fig.  161. 

drain,  to  prevent  surface  water  running  from  G  towards  0  from 
injuring  the  slope  of  the  cutting.  In  fig.  161,  A  B  is  part  of  tbe 
base  and  B  C  one  of  the  slopes  of  an  embankment;  £  F  is  part  of 
the  natural  ground,  sloping  downwards  from  F  towards  £;  D  is*' 
catchwater  drain,  to  prevent  surface  water  running  from  F  towaidi 
C  from  collecting  at  C  and  injuring  the  embankment.  The  eaicb- 
water  drain  may  be  an  open  ditdbj  ia  ordinary  cases  fion  3 1»^ 
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feet  iride  and  ficom  2  to  3  feet  deep;  or  it  may  be  an  underground 
drain,  built  of  stone  or  brick,  or  made  of  earthenware  tubes  (as  in 
the  figures),  with  broken  stone  or  ole^ui  grayel  above  it 

191.  siHppiHs  Uhs  s*il — The  soil  or  vegetable  mould  should  be 
stripped  from  the  site  of  an  intended  piece  of  earthwork,  and  laid 
down  near  the  fence,  in  order  that  it  may  be  afterwards  used  to 
re-8oil  the  slopes  of  the  earthwork.  The  usual  depth  of  soil  spread 
<m  these  slopes  varies  from  3  to  6  inches. 

192.  CwiOTi  OpcratiMM  mi  Cattia*. — ^Where  there  is  no  reason 
to  the  contrary,  it  is  desirable  that  the  base  of  a  cutting  should 
have  a  declivity  towards  the  point  at  which  the  work  of  excavation 
is  commenced ;  for  this  renders  more  easy  the  removal  of  the  earth 
in  wagons,  and  the  temporajy  and  permanent  drainage. 

A  cutting  is  usually  commenced  (if  the  earth  will  stand  for  a 
tune  with  vertical  sides)  by  making  a  '^  gullet,**  or  vertical-sided 
excavation,  wide  enough  to  contain  one  or  more  Hues  of  tem- 
poiaiy  rails  for  the  passage  of  earth  wagona  The  widening  of 
the  catting  to  its  full  width,  and  the  formation  of  the  slope, 
should  be  carried  on  so  as  never  to  be  far  behind  the  head  or  most 
advanced  end  of  the  gullet;  for  the  strain  thrown  on  a  mass  of 
oath  by  standing  for  a  time  with  a  vertical  face  has  a  tendency  to 
produce  cracks,  which  may  extend  beyond  the  position  of  the 
intended  slopes,  and  so  render  the  sides  of  the  catting  liable  to  slip 
after  they  have  been  finished.  The  advanced  end  of  a  cutting 
of  eonidderable  depth,  and  the  parts  of  its  sides  whose  slopes  have 
not  been  finished,  consist,  while  the  work  is  in  progress,  of  a  series 
of  steps  or  stages  called  ^'  lifts,**  rising  one  above  another  by  six 
or  eight  feet,  or  thereabouts,  the  excavators  working  at  the  faces 
€f  these  lifts  so  as  to  carry  them  on  together. 

From  faces  at  the  end  or  sides  of  the  gullet,  the  earth  is 
diovelled  directly  into  the  wagon&  From  the  other  faces  of  the 
cutting,  the  earth  is  wheeled  in  barrows  along  planks  to  points 
6om  which  it  can  be  tipped  into  the  wagon& 

193.  j^mtaiag  thm  Baae  •■«  si«pca< — ^At  the  foot  of  each  slope  of 
a  catting  it  is  almost  always  necessary  to  have  a  longitudinal 
drain  caUed  a  *'  side-drain,'*  of  from  6  inches  to  2  feet  deep  accord- 
ing to  the  circumstances  of  the  case.  It  may  be  a  small  open 
liicch,  or  a  channel  pitched  and  faced  with  stone,  or  a  covered  stone 
or  brick  drain,  or  a  line  of  tubes  (as  at  E,  fig.  160)  with  broken 
atone  or  gravel  above.  It  may  receive  the  waters  of  branch 
chains  ranning  across  the  base,  should  such  be  found  necessary,  and 
ahn  of  branch  drains  laid  in  the  slopes,  as  F,  fig.  160.  When  the 
latter  are  tubes,  they  may  in  general  be  laid  about  2^  feet  below 
the  Bor&ce.  It  is  in  general  advisable  so  to  place  the  side-drain 
-Kthat  its  bottom  shall  not  be  below  the  prolongation  of  the  plane 
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of  the  slope  B  0,  unless  there  is  a  retaining  wall;  otherwise  it  may 
cause  that  slope  to  slip,  and  may  itself  be  crushed  or  choked 

Springs  rising  in  cuttings  require  special  drains  to  canj  avsj 
their  waters. 

194.  The  iiab««r  •r  EartiiwMrii,  in  ordinary  cases,  consists  of 
getting,  or  excavating;  Jilling  into  barrows  or  wagons;  vjhediitg 
in  barrows;  leaditig  in  wagons;  and  teeming  or  ^t/>pinj^— tbt 
is,  depositing  the  earth  in  the  embankment  where  it  is  to  rest 
Other  processes  required  in  special  cases  will  be  considered  fiutber 
on. 

The  labour  oigeiiing  the  earth  depends  mainly  upon  its  adheaon. 
Loose  sand  and  gravel,  soft  vegetable  mould  and  peat,  can  be  dog 
with  the  shovel  or  the  spade  alone;  stiffer  kinds  of  earth  require  to 
be  loosened  with  the  pick  before  being  shovelled  into  barrows,  and 
in  some  cases,  with  crowbars,  wedges,  or  stakes;  the  softest  kinds 
of  rock  can  be  broken  up  with  the  pick  or  crowbar ;  harder  kinds 
require  the  action  of  wedges ;  harder  still,  especially  if  free  from 
natural  fissures,  need  blasting  by  gunpowder,  which  will  be  treated 
in  a  separate  article. 

Wheeling  in  barrows  is  performed  upon  planks,  whose  steepest 
inclination  should  not  exceed  1  in  12,  unless  the  men  are  assisted 
by  means  of  ropes  and  winding  machinery. 

Leading  is  performed  upon  light  temporary  rails,  in  wagons 
called  "  earth-wagons,"  whose  bodies  can  be  tipped  over  bf 
turning  on  a  pair  of  hoi-izontal  trunnions,  so  as  to  empty  the  esitii 
out :  they  are  drawn  by  horses  or  by  small  locomotive  engines. 

The  labour  of  shovelling  a  given  vmgkt  of  earth  into  bano*^ 
and  that  of  wheeling  it  from  the  face  of  the  cutting  to  a  given  point, 
tipping  it  into  the  wagons,  and  leading  it  a  given  distance,  aie 
nearly  the  same  for  most  ordinary  kinds  of  earth.  For  a  ^wm 
bulk  of  earth,  the  labour  of  those  operations  varies  nearly  as  the 
heaviness  of  the  earth. 

In  order  to  execute  an  excavation  with  speed  said  economy,  it  is 
necessary  to  &x  correctly  both  the  absolute  and  the  proportionate 
numbers  of  pickmen,  shovellers,  and  wheelers,  or  barrowmen,  so 
that  all  shall  be  constantly  employed.  The  only  method  of  doing 
this  excuOly,  in  any  pai*ticular  case,  is  by  trial  on  the  spot;  bat  an 
approximation  may  be  made  beforehand  by  estimating  firom  tlis 
data  of  experience. 

The  abedute  number  of  eoseavators  working  at  the  fiice  of  a 
cutting  is  determined  by  the  horizontal  extent  of  iSstoe  at  wkid 
cutting  is  in  progress  at  once;  one  excavator  to  five  or  six  M  ok 
breadth  of  face,  is  about  as  close  as  they  can  be  placed  wiilkOBt 
getting  in  each  others'  way. 

The  proportion  of  v^tederB  to  dwMean  may  be  estimated  ap- 
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fHOximatelj  by  the  &ct,  that  a  shoveller  takes  about  as  long 'to  fill 
an  ordinaiT  barrow  i^i^ith  earth  as  a  wheeler  takes  to  wheel  a  full 
barrow  about  100  or  120  feet,  on  a  horizontal  plank,  and  return 
with  an  empty  barrow. 

If  the  fall  barrow  has  to  be  wheeled  up  an  ascent,  each  foot  of 
rise  is  to  be  considered  equivalent  to  six  additional  feet  of  horizontal 
distance. 

Hence  the  following  approximate  formula : — 

Let  I  be  the  horizontal  distance  that  the  earth  has  to  be  wheeled, 
aad  h  the  height  of  ascent,  if  any;  then 

1+  6h 

number  of  wheelers  to  one  shoveller  =  -? tiut-l — ^c%n.  j-   x  0") 

from  100  to  120  leet  ^   ' 

The  number  of  ho/rrowa  required  for  each  shoveller  is  one  more 
^n  the  number  of  wheelers. 

A  shoveller  will  throw  each  shovelful  of  earth  from  6  to  10  feet 
horizontally,  or  from  4  to  5  feet  vertically  upwards.  If  the  earth 
is  to  he  thrown  by  the  shovel  to  greater  distances  or  heights,  two 
or  more  ranks  of  shovellers  must  be  employed 

The  proportion  of  the  pickmen  to  the  shovellers  (in  a  single  rank) 
depends  on  the  stiffness  of  the  earth.    The  following  are  examples : — 

I^ckmen  to 
one  Sbordler. 

Loose  sand  and  vegetable  mould, o 

Compact  earth, ^ 

Ordinary  clay, from  ^  to  i 

Hard  clay, „    i^  to  2. 

Earth  is  designated  as  *^  earth  of  one  man,"  if  one  shoveller  can 
keep  one  line  of  wheelers  at  work ;  '^  earth  of  a  man  and  a-half,"  if 
two  shovellers  and  a  pickman  are  needed  to  keep  two  lines  of 
wheelers  at  work;  ''earth  of  two  men,'*  if  one  shoveller  and  one 
pickman  can  keep  one  line  of  wheelers  at  work ;  and  generally, 
^  earth  of  so  many  men,"  according  to  the  number  of  shovellers  and 
pickmen  together  who  are  required  to  keep  one  line  of  wheelers  at 
work.  Let  m  denote  that  number;  then  the  total  number  of 
shovellers,  pickmen,  and  wheelers  for  each  line  of  wheelers,  will  be 
approximately 

^"*^"*'froml00tol20feet-  W 

Hie  nte  at  which  the  cutting  may  be  expected  to  advance,  if 
no  q)ecial  difficulties  occur,  may  be  estimated  for  each  line  of 
wheelers  (or  for  each  shoveller  in  one  rank),  at  about 

s 
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20  etibio  yards  of  loose  sand,  or  mould,         )         * 
or  16  cubic  yards  of  day,  or  compact  earth,  J  ^^     ^' 

The  labour  of  excavating  is  often  considerably  lessened,  especoDy 
in  widening  a  gullet  at  the  sides,  by  undermining  large  muKS  of 
earth  from  below,  and  loosening  them  by  driving  stakes  bduod 
them  from  above.     This  is  called  "  falling." 

An  earth- wagon  holds  about  as  much  as  50  wheel-baixowa,  and 
if  drawn  at  the  walking  pace  of  a  horse,  its  speed  may  be  taken  ts 
about  one-fifbh  greater  than  that  of  the  wheel-barrows;  so  thstii 
is  equivalent  to  about  60  wheel-barrows;  and  one  earUi-wagoD 
going  and  returning  a  distance  of  about  6,000  feet  hoiizontallj, 
while  another  stands  to  be  filled,  will  keep  one  shoveller  at  yniA. 
If  loaded  wagons  have  to  be  drawn  up  an  asoent,  and  the  teift- 
porary  rails  are  in  moderately  good  order,  each  foot  of  asoent  may 
be  considered  as  equivalent  to  about  150  feet  of  additional  boii- 
zontal  distance.  Hence  let  L  be  the  horizontal  distance  in  feet  to 
which  the  earth  is  to  be  led  in  earth- wagons  drawn  by  horaei,  H 
the  ascent,  in  feet,  if  any ;  then  the  nur^ter  o/ahoveUen  (in  aogie 
rank)  to  eoLcIi>  eartk-toagon  in  motion  at  one  tima,  is  about, 

6,000  .,v 

=  LTI50H P'^ 

and  the  reciprocal  of  this  expresses  the  earth-wcigons  or  Jrae^ant  of 
an  eartft^-vxtgon  in  motion  <U  one  time  per  ekovdler;  bat  additiooil 
wagons,  as  to  which  no  precise  rule  can  be  laid  down,  must  he  pro- 
vided, an  order  to  allow  for  those  which  are  standing  to  be  fiUed, 
and  for  those  which  are  in  the  act  of  being  tipped  and  reversed. 
With  locomotive  engines  the  speed  can  be  increased,  and  dte 
number  of  wagons  proportionally  diminished.  The  preceding 
calculations  have  reference  to  wagons  which  hold  fix>m  2  to  S^ 
cubic  yards  of  eai-th,  or  thereabouts,  the  weight  of  which  is  from  3i 
to  3  tons,  the  weight  of  the  wagon  itself  being  between  a  ton  and 
a  ton  and  a-half.  The  friction  being  taken  at  15  lb&  per  ton  (or 
1  —  150th  of  the  gross  load  nearly),  the  force  required  to  diava 
wagon,  or  train  of  wagons,  either  on  a  level,  or  up  or  down  a  given 
declivity,  can  easily  be  calculated.  In  estimating  the  number  of 
horses  required,  the  force  which  a  horse  can  exert  whai  walking 
slowly  may  be  estimated  at  about  120  lbs. 

When  the  leading  of  earth  is  performed,  not  in  wagona  or 
temporary  rails,  but  in  two-wheeled  one-horse  carts  on  an  ordinaij 
roadway,  the  number  of  such  carts  required  may  be  approximatehr 
computed  from  the  data,  that  the  net  load  of  each  such  cut  tf 
about  equal  to  that  of  twelve  wheel-barrows,  and  its  average  speed 
going  and  returning  about  one-sixth  part  more  than  that  of  a 
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wlieel-banow,  so  that  eiach  cart  in  motion  is  equivalent  to  about 
fourteen  wheel-barrows  in  motion.  In  this  as  in  the  preceding 
ease,  in  compnting  the  total  number  of  carts^  allowance  must  be 
made  for  those  which  are  standing  to  be  filled,  and  those  which  are 
being  turned  and  tipped. 

19d.  BcMchcs  on  the  sides  of  cuttings  are  small  platforms,  level 
tnmsversely,  seldom  exceeding  about  six  feet  in  breadth.  They 
KK  sometimes  used  in  veiy  deep  cuttings,  for  the  purpose  either  of 
intercepting  the  fall  of  boulders  and  pieces  of  rock  from  the  higher 
slopes,  or  of  facilitating  the  drainage.  A  bench  ought  to  have  a 
slight  declivity  lengthwise,  and  at  the  foot  of  the  slope  above  it 
there  should  be  a  side-drain  like  that  at  the  side  of  the  base  (E, 
^g.  160,  p.  334),  to  catch  and  carry  away  all  the  surface-water 
from  that  slope. 

196.  PrftTMittoa  •€  0iir«. — ^As  the  slipping  of  the  sides  of  cuttings 
is  caused  by  the  action  of  water,  its  prevention  is  promoted  by 
efficient  ordinary  drainage,  as  described  in  Article  189,  p.  334,  and 
Article  193,  p.  335.  When  ordinary  methods  ot  drainage  are 
insofficient,  other  eiCpedients  must  be  adopted,  such  as  the  foUow- 
ing : — ^To  make  the  branch-drains  of  the  slope  vezy  numerous  and 
close;  to  make  special  drains  for  carrying  down  to  the  side-drain 
of  the  cuttings,  the  waters  of  such  springs  as  may  flow  fix>m  the 
slope;  to  £ace  the  slope  with  a  well-packed  layer  of  stones  laid  dry, 
from  6  to  18  inches  thick,  according  to  the  circumstances  of  the  case ; 
to  cat  away  a  portion  of  the  lower  part  of  the  slope,  and  foinn  in  the 
vpaod  so  left  a  bank  of  gravel  or  shivers  of  stone,  against  which  the 
slope  of  earth  may  abut,  with  counterforts,  made  by  digging 
trenches  at  right  angles  to  the  gravel  bank,  and  filling  them  with 
gravel;  this  combination  acts  both  as  a  retaining  wall  and  as  a 
system  of  drains;  to  build  at  the  foot  of  the  slope,  so  as  at  once 
to  support  and  drain  it,  either  a  dry  stone  retaining  wall,  or  a 
wall  of  brick  or  masonry  laid  in  mortar,  backed  with  a  vertical 
layer  of  dry  stones;  to  intercept  underground  waters  on  their  way 
towards  the  slope,  by  means  of  a  drift  or  mine. 

Retaining  walls  will  be  further  treated  of  under  the  head  of 
Uasokry,  and  drifts  under  that  of  Tunnelling. 

In  some  instances,  all  remedies  for  slipping  are  found  unavailing, 
ttnd  the  material  must  be  allowed  to  find  its  own  angle  of  repose, 
care  being  taken  to  remove  the  earth  which  slides  down  from  time 
to  time,  and  to  acquire  the  necessary  additional  land. 

197.  SetticHCBi  of  EmbanknieBtB.  —  Embankments  subside  or 
settle  after  their  first  formation,  to  an  extent  which  varies  consid- 
erablj  for  different  materials  and  under  different  circumstances, 
^og  seldom  less  than  one-twdfih,  and  seldom  more  than  (yn^jifih^  of 
the  original  height     The  best  method  of  ascertaining  the  probable 


t340  MATERIALS  AND  STRUCTUHES. 

proportionate  settlemeat  of  a  proposed  embankment  is  by  an 
experiment  on  a  short  length  of  it;  allowance  for  the  settlement  so 
ascei-tained  must  then  be  made  in  constructing  the  remainder  of 
the  embankment. 

198.  The  i>ictribBtion  ^f  Earthwork  means  the  arrangement  bj 
which  the  materials  obtained  from  different  parts  of  the  cattings 
are  distributed  amongst  different  parts  of  the  embankments,  so  as 
to  insure  the  least  possible  expenditure  of  labour  in  the  leading  or 
conveyance  of  the  earth.  To  attain  this  object,  two  rules  are  to 
be  followed  as  closely  as  may  be  practicable ; — to  fill  each  portioa 
of  embankment  from  the  nearest  (accessible  portion  of  cutting;  and 
to  take  care  that  the  seyeral  routes  by  which  earth  is  conveyed 
from  cutting  to  embankment  shall  not  cross  each  other. 

The  niean  distance  of  lead,  from  a  division  of  a  cutting  to  that 
division  of  an  embankment  which  is  filled  from  it,  is  nearly  eqoal 
to  the  distance  between  their  centres  of  gravity. 

199.  Ch»Bcral  Operations  of  Emlmnklai;.— The   best  materials  foT 

embankments  are  those  whose  frictional  stability  is  the  greatest  and 
the  most  permanent,  such  as  shivers  of  rock, .shingle,  gravel,  and 
clean  sand.  Clay  also  forms  safe  embankments,  provid^  it  is  dry, 
or  nearly  dry,  when  laid  down.  Wet  clay,  vegetable  mould,  and 
mud,  are  unfit  for  use  in  embankments ;  so  also  is  peat,  except  with 
certain  precautions  to  be  afterwards  mentioned. 

An  embankment  may  be  made  in  three  ways : — ^I.  In  one  layer. 
11.  In  two  or  more  thick  layers.     IIL  In  thin  layers. 

I.  In  one  layer. — This  being  tho  cheapest  and  quickest  method, 
consistent  with  stability,  is  that  followed  in  all  eaithworks  in 

which  there  is  no  special  reason  to  th« 
contrary.  In  fig.  162,  BAG  repre- 
sents the  natural  surface  of  the  ground; 
D  A  part  of  the  base  of  a  catting; 
A  E  C  an  embankment,  theconstnictton 
Fig.  1C2.  of  which  is  carried  forward  in  the 

direction  A  E  of  its  full  width  and  height  (including  a  suffii^ent 
allowance  for  subsidence),  by  running  earth-wagons  on  temponij 
rails  from  the  cutting  along  the  top  of  the  embankment,  and  tipping 
them  at  E,  so  that  the  earth  runs  down  and  spreads  itself  over  the 
sloping  end  E  0  of  the  bank,  which  is  called  tie  "tip." 

The  sloping  lines  parallel  to  E  0  represent  a  series  of  succeaai^ 
previous  positions  of  the  tip,  as  the  embankment  advanced  txm  ^ 
No  tipping  over  the  sides  of  embankments  should  be  allowed; 
for  the  earth  so  tippexl  is  liable  afterwards  to  slip  off. 

II.  In  thick  layers, — This  process  has  been  nsed  in  some  em- 
bankments of  great  height.  It  consists  in  completing  the  coDstrne- 
tion  of  the  embankment  up  to  a  certain  height  by  the  process  d 
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tipping  over  the  end  already  described;  leaving  that  layer  for  a 
time  to  settle,  and  then  making  a  second  layer  in  the  same  way, 
and  80  on.  It  involves  mnch  additional  time  and  labour,  and  is 
seldom  employed.  It  is,  however,  useful  in  making  embankments 
of  hard  clay  or  shale,  which,  when  finst  tipped,  consists  of  angular 
lumps  that  lie  with  vacant  spaces  between  them,  and  do  not  form  a 
compact  mass  until  partially  softened  and  bi*oken  down  by  the 
action  of  air  and  moisture. 

IIL  In  thin  layers, — This  process  consists  in  spreading  the  earth 
in  horizontal  layers  of  from  9  inches  to  1 8  inches  deep,  and  ramming 
each  layer  so  as  to  make  it  compact  and  firm  before  laying  down 
the  next  layer.  Being  a  tedious  and  laborious  process,  it  is  used  in 
special  cases  only,  of  which  the  principal  are,  the  filling  behind 
retaining  walls,  behind  wings  and  abutments  of  bridges  and  culverts, 
and  over  their  arches,  and  the  embankments  of  reservoirs  for 
▼ater. 

The  labour  of  spreading  earth  in  layers  and  ramming  it  may  be 
estimated,  in  general,  at  from  ance-and-a-skcth  to  once-and-a-Udrd 
that  of  shovelling  it  into  a  barrow.     (See  Article  194,  p.  337.) 

200.  EMbankiBg  oa  SideUng  Oronnd.— When  the  natural  ground 
has  a  steep  sidelong  slope,  it  is,  in  general,  necessary  to  cut  its  sur- 
£Bu:e  into  steps  before  making  the  embankment,  in  order  that  the 
latter  may  not  slide  down  the  slope.  In  the  cross-section,  ^g,  163, 
the  dotted  line  A  B  repre- 
sents the  natural  surface  of 
the  ground,  Q  E  B  a  side- 
cutting,  and  A  D  Q  an  em-  p. -$.£il^ 

hankment,  resting  on  ste})8 
which  have  been  cut  be- 
tween A  and  Q.  The  best 
position  for  those  steps  is  ^fi^'  ^^^• 

perpendicular  to  the  axis  of  greatest  pressure,  whose  inclination 
to  the  vertical  is  given  by  equation  14  of  Article  183,  p.  322;  so 
that^  if  A  D  is  inclined  at  the  angle  of  repose,  the  steps  near  A 
ahonld  be  inclined  to  the  horizon,  in  the  opposite  direction  to  A  D, 
at  the  angle  given  by  equation  1 6,  p.  322 ;  while  the  steps  near  Q 
may  be  level.  It  is  better  to  make  the  steps  steeper  than  the  in- 
clination given  by  this  principle  than  to  make  them  flatter. 

SOL  Saibaiikiay  •r^r  and  aear  IVIasanrf.— In   embanking  OVer 

culverts  (that  is,  covered  drains  of  masonry  or  brickwork),  near 
retaining  walls,  or  near  the  abutment  and  wing  walls  of  bridges, 
care  must  be  taken  not  to  injure  the  masonry  by  shocks  from  the 
M  of  earth,  or  by  ill-distributed  or  sudden  pressui'es. 

For  the  purpose  of  preventing  shocks,  the  precaution  is  taken 
'I'cady  mentioned  in  Article  199,  above,  of  spreading  the  earth  in 
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immediate  contact  with  the  masonry  in  thin  lajerBy  and  ramnung 
each  layer.  For  this  purpose,  dry  materials  should  be  chosen,  that 
will  let  water  drain  off  easily,  such  as  shivers  of  stone,  grayel,  and 
clean  coarse  sand  This  rammed  earth  should  fill  aJl  the  apaoe 
between  the  wing  walls  of  bridges,  and  extend  back  from  retainii^ 
walls,  and  from  the  abutments  of  bridges  and  culverts,  ten  feet  or 
thereabouts.  Over  the  arches  of  culverts,  the  earth  rammed  in 
thin  layers  should  rise  to  at  least  half  the  height  of  the  propoaed 
embankment  j  the  remainder  may  be  tipped  in  the  common  way. 

For  the  purpose  of  preventing  unequal  lateral  pressures  a^^ajost 
bridges  and  large  culverts,  cai*e  should  be  taken  (by  the  aid,  if 
necessary,  of  timber  platforms  to  carry  the  temporary  raib),  that  the 
embankment  is  carried  up  at  both  sides  of  the  structure  at  onoe^ 
And  as  nearly  as  possible  to  the  same  height  at  the  same  time. 

202.  Draimige  ef  SmiNtaluMetttii.— The  position  and  use  of  the 
•catchwater  drain  near  the  foot  of  the  slope  has  already  been  ex* 
plained  in  Article  189,  p.  334.     The  construction  of  culverts,  for 

•carrying  drainage-water  below  embankments,  will  be  treated  of 
under  the  head  of  Masonry.  Ground  in  which  springs  rise  should 
be  avoided  altogether,  if  possible;  but  if  it  is  absolutely  necesBazy 
to  embank  over  a  spring,  a  culvert  may  be  built  to  cany  its  water 
clear  of  the  embankment 

203.  BMkABkaieM  la  a  circat  Piaia«r— When  a  line  of  conveyance 
is  carried  aci'oss  an  extensive  plain,  it  is  almost  always  necesBaijjin 

■  order  to  keep  its  surface  dry,  that  it  should  be  raised  above  the 

general  level  of  the  ground;  and  where  inundations  occur,  the 

-j^quisite  height  may  be  considei-able.     In  fif^  1G4,  A  repiesentia 

A. 


Fig.  164. 

-cross-section  of  an  embankment  for  this  purpose,  the  matenak  for 
which  are  obtained  by  digging  a  pair  of  trenches,  B,  C,  alongside  of 
it.  These  trenches,  by  collecting  surface-water  and  dischai^ging  rt 
into  the  nearest  river  or  other  main  drainage  channel,  tend  to 
shorten  the  duration  of  floods  in  the  neighbourhood  of  the  line. 

204.  SmtaakmcBU  «b  8*ft  «r«and— When  the  ground  is  80  soft 
that  an  embankment  made  in  the  ordinary  way  would  sink  in  it, 
different  expedients  are  to  be  employed,  according  to  the  kind  and 
degree  of  diiEculty  to  be  overcome.  The  following  list  of  expedicntB 
is  anunged  in  the  order  of  an  increasing  scale  of  difficulty: — 

I.  Bv  dififtrins:  side-drains  parallel  to  the  site  of  the  intended 


By  digging  side-drains  parallel 
^nkment,  the  flrmness  of  the  nati 
XL  If  the  material  of  the  natural  gix>und 


embankment,  the  flrmness  of  the  natural  ground  may  be  increwed. 

ral  gix>und  has  a  ddinite  angle  » 
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repose^  though  mnch  flatter  than  that  of  the  material  of  the  em- 
bankment,  the  slopes  of  the  embankment  may  be  formed  to  the  same 
angle,  tbns  giving  it  a  broader  foimdation  tiban  it  would  have  with 
it8  own  natuial  slope. 

m.  A  foundation  may  be  made  for  the  embankment  by 
digging  a  trench  and  flUing  it  with  a  stable  materiaL  In  fig  165, 
A  £  F  B  represents  the 
eroBB-flection  of  an  intended 
embankment,  and  A  C  D  B 

tliat  of  the  trench  to  be  

dng  for  its  foundation,  the  ^  ^    165.^ 

edges  of  the  base  of  the 

trench,   G,  D,  being  yertically  below  those  of  the  top   of  the 

embankment,  £,  E.     To  design  these  cross^sections,  proceed  as 

feUows: — 

Let  h=sG'E  denote  the  height  of  the  proposed  embankment; 

to,  the  weight  of  a  cubic  foot  of  its  matmal; 

uf,  the  weight  of  a  cubic  foot  of  the  material  of  the  naturalground; 

^',  its  angle  of  repose; 

A'=:G  C,  the  required  depth  of  the  foundation; 

1  +  sin  0 
then  the  depth  of  the  foundation  is  given  by  the  formula, 

*-;7^ 0.) 

The  slopes  of  the  trench,  0  A,  D  B,  should  be  inclined  at  the 
angle  of  repose  of  the  soft  material;  so  that  the  breadth  of  each 
will  be 

AG  =  A'-cotan^'; (2.) 

cod  this  fixes  also  the  inclination  of  the  slopes  of  the  embankment, 
A  £,  B  F,  without  reference  to  the  angle  of  repose  of  its  material. 

IV.  The  ground  may  be  compressed  and  consolidated  by  means 
of  short  piles.  This  method  will  be  further  explained  under  the 
head  of  Fouhbations. 

V.  The  embankment  may  be  made  of  materials  light  enough  to 
fonn  a  sort  of  raft,  floating  on  the  soft  ground,  such  as  hurdles, 
fascines,  or  dry  peat.  The  use  of  fascines  will  be  further  explained 
in  a  later  chapter.  Dry  peat  was  the  material  used  by  George 
Stephenson  to  carry  the  Liverpool  and  Manchester  Eailway  across 
Chat  MosSi     Its  heaviness,  when  well  dried  in  the  air,  Is  about 
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30 lbs.  per  cubic  foot;  and  when  saturated  with  water,  63 lbs.  On 
the  dry  peat  embankment  was  placed  a  platform  of  two  layers  of 
hurdles,  to  carry  the  ballast 

YL  Should  all  other  expedients  fail,  a  moss  or  bog  may  still  bs 
crossed  by  throwing  in  stones,  gravel,  and  sand,  until  aii  embank- 
ment is  formed,  resting  on  the  hard  stratum  below  the  moss,  and 
with  its  top  rising  to  the  required  level  It  is  foimd  that  the 
material  of  the  embankment  assumes  the  same  natural  slope  that  it 
would  do  in  the  air. 

200.    DreMlBff,  Soiling*  and  JPItchiag  Slopes. — The  dopes,  both  of 

embankments  and  cuttings,  are  to  be  dressed  to  smooth  and  regolar 
surfaces,  and  covered  with  a  layer  of  soil,  which  varies  from  S 
inches  to  6  inches  in  depth,  according  to  the  practice  of  different 
engineers,  and  is  sown  with  grass-seed. 

The  labour  of  dressing  slopes  is  nearly  equivalent  to  that  of 
di^ng  about  half-a-foot  deep  in  loose  mould  over  the  same  aiea  of 
sur&ce;  and  that  of  spreading  the  soil  is  about  the  same  with  that 
of  shovelling  it  into  a  barrow.     (See  p.  337.) 

Slopes  of  embankments  which  are  exposed  to  still  water  may  be 
faced  or  *'  pitched  "  with  dry  stone  about  a  foot  thick.  The  protectioo 
of  slof)es  against  waves  and  currents  falls  under  the  head  of 
Hydraulic  Engineering, 

206.  ciajr  fuddle  is  iiscd  to  make  embankments  and  channeb 
water-tight,  and  to  protect  masonry  against  the  penetration  of 
water  from  behind.  The  proper  material  for  it  is  clay,  freed  frcMn 
all  large  stones,  roots  of  plants,  and  the  like,  and  containing  af 
much  sand  and  fine  gravel  as  is  consistent  with  its  holding  vater; 
if  there  is  too  little  sand,  the  puddle  is  liable  to  crack  in  dij 
weather.  It  is  made  by  working  the  day  in  layers  about  9  inches 
thick,  with  enough  of  water  to  reduce  it  to  a  pasty  condition,  I7 
means  of  a  tool  that  has  a  sort  oipoadwng  action,  until  it  becomes 
a  perfectly  uniform  and  compact  mass.  The  labour  is  about  fiv^ 
times  that  of  shovelling  the  same  quantity  of  material 

207.  Qvarrrias  and  BlMttHg  Bock. — ^Eock  that  is  too  hard  to  be 
split  with  the  pick,  the  crowbar,  or  the  quanymau's  hammer,  and 
not  so  hard  as  to  require  blasting  with  gunpowder,  can  be  quarried 
in  blocks,  by  cutting  grooves,  or  boring  holes,  in  the  upper  mAf» 
of  a  bed,  inserting  blunt  steel  wedges  in  them,  and  driving  thoc* 
wedges  with  a  hammer  until  a  block  splits  off  from  the  lajer- 
Ciauthey*s  estimate  of  the  labour  of  this  operation,  per  cubic  jazd 
of  rock,  is  about  0'4  of  a  day*s  work  of  a  man;  but  it  varies  voj 
much  for  different  kinds  of  rock. 

The  processes  of  blasting  with  gunpowder  may  be  dirided  into 
rnnaU  bloats  and  greai  blasts. 

L  A  small  blast  is  made  by  boring  with  a  jumper  (Artick 
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187,  p.  332),  a  hole  in  the  rock,  whose  diameter  varies  from  1  inch 
to  6  inches,  or  thereabouts,  and  its  depth  from  one  foot  to  30  feet* 
Pkrt  of  the  depth  of  the  hole  is  filled  with  coarse-grained  gun- 
powder, poured  in  through  a  tube  reaching  nearly  to  the  bottom, 
and  the  remainder  of  the  hole  is  rammed  with  what  is  called 
"tamping,"  consisting  of  chips  of  rock,  sand,  clay,  and  other  such 
materials;  the  best  material  being  dry  clay.  Cai'e  is  to  be  taken 
never  to  use  materials  that  may  strike  fire,  and  not  to  ram  hard  until 
there  are  some  inches  of  material  between  the  tamping-bar  and  the 
powder.  The  fuse  may  be  protected  by  traversing  a  tube,  or  a  gi-oove 
in  a  piece  of  wood.  It  should  bum  at  the  rate  of  about  2  feet  per 
minute.  The  best  fuse  for  this  purpose  is  known  as  "  Bickford's." 
The  explosion  of  the  powder  splits  and  loosens  a  ma^  of  rock 
whose  volume  is  approximately  proportional  to  the  cube  of  tlie  line 
^leasi  resistance, — that  is,  in  general,  of  the  shortest  distance  from 
the  charge  to  the  surface  of  the  rock — and  may  be  roughly  estimated 
at  twice  that  cube;  but  this  proportion  varies  very  much  in  difierent 


The  proportion  of  the  weiglit  of  rock  loosened  to  the  weight  of 
powder  exploded  ranges  from  about  7,000  : 1  to  14,000  : 1,  and  may 
He  taken  on  an  average  at  10,000  : 1. 

The  ordinary  rule  for  the  weight  of  powder  in  small  blasts  is, 

,      .     „          (line  of  least  resistance  in  feet)*      ,,  v 
powder  in  Iba  =  ^^ ^^ ^.  ...(1.) 

A  test  of  the  strength  of  blasting  powder  is,  that  2  ounces,  or 
|th  of  an  avoirdupois  pound  of  it,  being  fired  in  an  eight-inch 
mortar  elevated  at  an  angle  of  45°,  should  throw  a  68  lb.  ball  to  a 
distance  of  240  feet. 

Another  test  is  by  firing  2  ounces  of  powder  in  the  "  cprouvette 
gun/*  its  bore  is  27 '6  inches  long,  and  If  inch  in  diameter; 
it  weighs  86^  lbs. ;  it  is  hung  in  a  frame  like  a  *^  ballistic  pendulum," 
and  its  recou  is  measured  on  a  graduated  arc.  Grood  powder  fit  for 
blasting  gives  a  recoil  of  about  20  degrees. 

One  lb.  of  powder  in  a  loose  state  occupies  about  30  cubic 
inches.  By  compression,  it  may  be  squeezed  into  27^,  or  there- 
aboQta. 

Thirty  cubic  inches  are  equal  to  38*2  cylindrical  inches;  and 
this  is  the  length  of  hole,  one  inch  in  diameter,  required  to  Itold  on& 
Ih,  of  powder.  The  corresponding  length  for  other  diameters 
▼aries  inversely  as  the  square  of  the  diameter. 

A  blast  acts  most  efficiently  when  ihe  line  of  least  resistance 
(b^g,  in  sound  rock  of  uniform  strength,  the  shortest  line  fi-om 
the  charge  to  the  surface),  is  perpendicular  to  the  axis  of  the  bore* 
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hole.  It  acts  least  efficiently  whea  the  line  of  least  reststance  ii 
the  axis  of  the  bore-hole  itself  It  is  not  always  possible  to  jump  s 
hole  perpendicular  to  the  intended  line  of  least  resistanoe;  but  ikb 
hole  should  always  be  made  to  form  as  great  an  angle  with  ibat 
line  as  possible. 

If  a  charge  fails  to  explode,  the  tamping  may  be  bored  out  with 
the  auger  (p.  332),  a  new  fuse  put  in,  and  the  hole  re>tamped.  Tluf 
process,  however,  is  not  wholly  free  from  danger;  and  the  saiiHl 
method  is  to  jump  a  new  hole  near  the  firsts  and  put  in  a  h&k 
charge  of  powder,  the  explosion  of  which  will  probably  be  eamc 
municated  to  the  former  charge. 

The  labour  of  jiimping  holes  varies  very  much  for  difienol 
qualities  of  rock.  It  is  performed  either  by  two  men  stnldng  tiio 
lumper  with  hammers,  while  a  man  or  boy  turns  it^  or  by  one  or 
two  'men  raising  it  and  letting  it  drop;  the  latter  being  the  man 
efficient  method,  but  wearing  out  the  jumper  fSaster  than  th» 
other.  The  jumper  used  for  the  latter  process  is  called  tl» 
"  chum  jumper." 

The  following  are  examples  of  the  day's  work  per  man  pei^ 
formed  in  jumping  holes: — 

.  Cjlindrial  locte 
ofHolau 

In  granite,  by  hammering, loo  to  153 

„         by  "churning," 200  nearly 

In  limestone, 500  to  700 

(As  to  jumping  by  machinety,  see  Article  392,  p.  594.) 

In  granite,  jumpers  require  to  be  sharpened  about  once  for 
foot  bored,  and  steeled  once  for  each  16  or  20  feet;  and  the  kogtk 
of  iron  wasted  in  using  them  is  about  one-tenth  of  the  dofl^ 
bored. 

The  lower  ends  of  holes  in  limestone  have  sometimes  bees 
enlarged  to  form  a  chamber  for  the  powdei-,  by  the  aid  of  dflirte 
nitric  acid.  A  double  tube,  consisting  of  an  outer  tube  of  cofipff 
with  a  tube  of  lead  within  it,  is  passed  down  to  the  bottom  ef  tk 
hole ;  the  inner  tube  has  a  funnel  on  the  top  into  which  the  dilota 
acid  is  poured ;  it  passes  down,  and  dissolves  the  lime  of  the  Vmt- 
stone ;  the  carbonic  acid  gas  disengaged  forms,  with  the  solution  flf 
nitrate  of  lime,  a  stream  of  froth,  which  rises  through  the  spaea 
between  the  inner  and  outer  tubes,  and  escapes  through  a  laleol 
bent  spout  near  the  top  of  the  latter. 

II.  A  grecU  blast  is  made  by  excavating  a  vertical  shaft  or  ft 
horizontal  heading  in  the  mass  of  rock,  which  shoidd  torn  at  tigkl 
angles  at  least  once  on  its  way  to  the  powder-chamber  at  it)  end,  ia 
order  that  the  tamping  may  not  be  blown  oul     Such  ahafta  tai 


r 
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IndiogB  Taiy  from  3  j  feet  square  to  3^  feet  by  5  feet  or  there- 
dboats,  and  ^e  labour  required  to  make  them  varies  from  2  days* 
to  6  days'  work  of  a  miner  per  lineal  foot.  The  mine  being  swept 
oat  and  its  floor  covered  with  a  matting  of  old  sacks,  the  gun- 
powder is  placed  in  tho  chamber  in  a  deal  box,  whose  size  is 
regolated  by  the  £act  that  1  lb.  of  gunpowder  fills  about  30  cubic 
inches ;  a  small  quantity  of  finer  powder  in  a  bag  or  case  forms  the 
"bunting  charge,**  and  is  traversed  by  a  fine  platinum  wire, 
eomiecting  a  pair  of  copper  conducting  wires  with  each  other.  These 
ara  coated  with  Indian  ntbber  or  gutta-percha,  or  otherwise  in- 
nlated,  and  protected  by  being  placed  in  a  groove  in  a  wooden  bar. 
The  entrance  of  the  chamber  is  closed  with  a  wall  of  tnrf,  and  the 
rat  of  the  mine  '*  tamped  "  by  being  built  up  either  with  rubble 
WMoniy  or  with  a  mixture  of  stones  and  clay.  When  the  work- 
sen  have  removed  to  a  safe  distance,  the  conducting  wires  are 
eoonected  with  the  oppodte  ends  of  a  galvanic  battery,  when  the 
dectric  current  raises  the  platinum  wire  to  a  white  heat,  and  fires 
iheehaige. 

The  chief  use  of  the  electrical  apparatus  is  to  fire  several  charges 
exactly  at  the  same  instant.  When  one  charge  only  is  to  be  fired, 
a  safety  fuse  may  be  used. 

Aeoording  to  Mr.  Sim,  the  chamber  of  the  mine  should  be  so 
'[  |itoed,  that  the  line  of  least  resistance  may  be  about  two-thirds 
I  ef  the  height  of  the  rock  to  be  loosened. 

In  great  blasts  the  proportion  of  the  weight  of  the  rock 
I  koeened  to  that  of  the  powder  exploded,  ranges  from  4,500 : 1 
I  to  nearly  13,000  :  1,  and  is  on  an  average  about  6,000  : 1  or 
7,000 : 1. 

The  ratio  of  the  number  of  lbs.  of  powder  to  the  cube  of  the 
umber  of  feet  in  the  line  of  least  resistance  ranges  from  1  :  32  to 
1 :  10;  but  the  best  mode  of  fixing  the  quantity  of  powder  is  to 
r  ertiimto  roughly  the  weight  of  the  mass  of  rock  which  is  likely  to 
1»  loosened,  and  use  &om  ^  to  ^  of  a  lb.  of  powder  for  each  ton  of 
nek 

In  choosing  the  positions  of  bores  and  mines  for  blasting,  regard 
iiioiild  be  had  to  the  natural  veins  and  fissures  of  the  rock,  as 
neans  of  fikdlitating  its  detachment  from  its  bed. 

Blasting  under  water  will  be  considered  in  a  later  part  of  this 


*  On  the  sntgcct  of  blasting  rock  the  following  authorities  may  be  oonsnited: — 
Sir  John  Fox  Burgovnc,  "On  Blasting  and  Quamnng;''  a  paper  by  Mr. 
Sim,  **0n  the  Quan;>'ing  and  Blasting  of  Rocks/*  read  to  the  British 
—Jon  in  1855;  and  a  paper  by  Mr.  George  Robertson,  **0n  the  Large  Blasta 
Holyhead,"  read  to  the  Royal  Scottish  Society  of  Arts,  and  published  in  tha 
"'Si^fiaetr  tmd  Architects  Juwmal,  for  Febmary  and  March.  186L 
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Tacle  of  the  Heaviness  of  Bock. 


T.ln.  in  one 
Cubic  Foot. 

BasaU, 187      *  ... 

Chalk, 117  to  174  ... 

Felspar, 162 

Flint, 164 

Oranite, 164  to  17a  ... 

Limestone,  169  to  175  ... 

„        magnesian,       178 

Quartz, 165 

Sandstone,  average, ...       144 
„         differtint  |  x      ^^ 

kinds, }  130  to  157  ... 

Shale, 163 

Slate  (Clay), 175  to  181   ... 

Trap, 170 

It  IS  stated  that  to  produce  the  same  effect  in  blasting  that  ii 
produced  by  a  given  weight  of  powder,  one-sixtik  of  that  weight  of 
blasting  cotton,  or  one-tenth  of  that  weight  of  blasting  oil,  it 
sufficient.  Blasting  oil  (otherwise  called  "Nitroglycerine"  « 
"  Nitroleum  ")  explodes  by  concussion ;  therefore  it  is  danseitwi 
to  jump  a  new  hole  near  a  hole  which  is  already  charged  witL  it 

(See  p.  796,) 


Lbn.  in  one 

CobkFe« 

Cubic  Yard. 

toiToa 

5060 

12 

3160  to  4730 

...   19*1  to  12-9 

4370 

13*8 

4430 

...        13-6 

4430  to  4640  . 

...     13*61013 

4560  to  4720  . 

...   13-2  to  12"8 

4810 

12*6 

445» 

n^ 

3890 

...    15^ 

3510  to  4240 

...  17-2  to  14^ 

4370 

13-8 

4720  to  4890  . 

...  12-8  to  12-4 

4590 

13-2 

In  the  last  Articlo  of  tLe 
168  were  considered  in  the 
have  now  to  be  cooiiidered 

but  little  connection  with 

lS  a  general  rule,  tlie  more 
more  durable ;  but  to  this 
ties  or  chai'actcrs  of  rocks 
.neering  point  of  view  are 

:ter  of  their  larf;e  masses, 
1,-1.  The  unstratified,  IL 
r  do  consist  of  flat  layers, 
to  have  become  solid  more 
ss  pressure,  from  a  melted 
rd,  compact,  strong,  and 

■asses  of  nnstratified  rocks 
rat«  from  each  other  when 
e,  those  blocks  are  oblique 
lal  prisms,  sometimes  of 
r  hexagonal  or  pentagonal 
thej  are  irrfgiilar  prisma, 
lie  columnarform  of  basalt; 
aj  roonds  off  the  comers 
bem  into  boulders,  whicli 
acentric  oval  layere.  In 
istratified  rocks,  the  work 
'the  natural  joints  between 
ly  divided  than  elsewhere, 
unstratified  rocks  present, 
ine  grains,  firmly  adhering 
ciystals  are  comparatively 
much  smaller  and  less  dift- 
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tinct;  in  basalt,  they  are  almost  invisible,  and  the  stractnre  is 
almost  glassy;  in  lava,  it  is  decidedly  glassy.  Amongst  varietiei 
of  structure  in  unstratified  rocks,  are  the  porphyritic,  vfaero 
detached  crystals  of  one  substance  are  imbedded  in  a  mas  d 
another;  and  the  cellular,  where  the  mass  contains  a  number  of 
spherical  or  oval  cavities,  as  if,  in  its  former  melted  state,  it  had 
air-bubbles  dispersed  in  it 

Masses  of  unstratified  rock  are  often  traversed  by  veins  or  cndo^ 
sometimes  empty,  sometimes  lined  on  the  sides,  and  sometiiDes 
filled  with  crystalline  masses  of  various  minerals  Sudi  Tdu 
lacilitate  the  division  of  the  rock  where  they  traverse  it 

II.  Stratified  Rocks  consist  of  a  series  of  parallel  layers,  evidenilj 
deposited  from  water,  and  originally  horizontal,  although  in  va^ 
oases  they  have  become  more  or  less  inclined  and  curved  by  tki 
action  of  disturbing  forces.  It  is  easier  to  divide  them  at  tiit 
planes  of  division  between  those  layers  than  elsewhere.  They  m 
traversed  by  veins  or  cracks,  sometimes  empty,  sometimes  contHih 
ing  crystals,  sometimes  filled  with  "dykes,"  or  masses  of  in- 
stratified  rock.  Those  veins  or  dykes  are  often  aocompaniedbra 
''  fault,"  or  abrupt  alteration  of  the  levels  of  the  strata. 

It  is  in  the  immediate  neighbourhood  of  masses  of  unsfantiM 
rock  that  the  stratified  rocks  show  the  greatest  effects  of  the  actink 
of  disturbing  forces  in  the  inclination,  curvature,  and  distortioa  d 
their  layers.  In  such  positions,  too,  they  often  appear  to  have  bd 
their  structure  altered  by  heat  and  intense  pressure,  and  to  havs 
been  rendered  harder  and  more  compact. 

Besides  its  principal  layers  or  strata,  a  mass  of  stratified  zock  ii 
in  general  capable  of  division  into  thinner  layers;  and  although  tiis- 
sni^Gtces  of  division  of  the  thinner  layers  are  often  paxaUel  to  ^Sbsm 
of  the  strata,  they  are  also  often  oblique,  or  even  perpendicnkr  t»: 
them.  This  constitutes  a  lamiruUed  structure.  Lamuiated 
resist  pressure  more  strongly  in  a  direction  perpendicular  to 
laminae  than  parallel  to  them ;  they  are  more  tenacious  in  a  ~ 
parallel  to  their  laminss  than  perpendicular  to  them;  and  i^ 
are  more  durable  with  the  edges  than  with  the  sides  of  4dr 
laminas  exposed  to  the  air;  and,  therefore,  in  building,  th^ dmold 
be  placed  with  their  laminae  or  "  beds*'  perpendicular,  or  Dearij  av 
to  the  direction  of  greatest  pressure,  and  with  the  edges  of  this 
laminss  at  the  face  of  the  wall. 

Id  the  more  minute  structure  of  stratified  rooks  the  fi>lkyvi>K 
varieties  are  distinguished : — 

(1.)  The  compact  cryskdline  structure,  as  in  quarfeE  rock  mA 
marble.     This  is  accompanied  by  great  strength  and  dorafailxiy. 

(2.)  The  slaty  structure,  when  the  rock,  which  is  usually  coiB[M>t 
clan  be  split  into  innumerable  thin  layers,  o^ten  hi^y  infiin*d  t» 
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is  to  say,  every  particle  of  it  perceptible  to  any  means  of  obnervaiioii 
is  similarly  composed  to  every  other.  Most  simple  minerals  an 
distinguished  also  by  definite  piimary  forms  of  GiystailizstioiL 
Two  minerals  which  have  the  same  chemical  composition  may  still 
be  distinguished  as  distinct  species,  by  having  different  prLmaiy 
crystalline  forms.  Thomson  enumerates  more  than  500  mineral 
8peciesj  Jameson  gives  about  110  genera^  each  containing  from  one 
to  10  species. 

The  masses  which  form  the  earth's  crust,  whether  stony  or  earthy, 
stratified  or  unstratified,  are  made  up  of  simple  minerals,  eiUur 
of  one  kind  or  of  seveiul  kinds,  mixed,  not  chemically  combined. 

There  are  a  few  simple  minerals  which  are  so  much  more  abon- 
daut  in  the  earth's  crust  than  the  others,  that  they  fix  the  pre- 
dominant charactei's,  both  chemical  and  mechanical,  of  the  stoiMs 
into  whose  composition  they  enter;  and  those  minerals  alone,  vitb 
their  principal  chemical  constituents^  need  be  considered  in  sach  a 
treatise  as  the  present. 

The  principal  chemical  constituents  of  those  predominant  minerak 
are  four  Earths,  viz. : — 

I.  Silica^  or  pure  fiint  Its  chemical  composition  is  (according 
to  the  British  sc^e), — 

One  equivalent  of  silicon, 28 

Two  equivalents  of  oxygen, 32 

One  equivalent  of  silica, 60 

Silica  exists  uncombined  in  great  abundance,  in  the  form  of 
quartz,  sand,  and  ilinL  With  other  earths  and  alkalies  it  oombioM) 
acting  as  an  acid.  It  is  not  soluble  in  any  acid  except  the  flaarici 
nor  when  crystallized  is  it  soluble  in  water;  but  by  an  indireft 
process  it  can  be  made  to  form  a  gelatinous  compound  with  wateCi 

IL  Aluminay  the  base  of  clay.     Its  chemical  compoaitian  is 

Two  equivalents  of  aluminium,.. 54'8 

Three  equivalents  of  oxygen, 48*0 

One  eqidvalent  of  alumina, 103*8 

Alumina  exists  uncombined  in  the  ruby  and  sapphire  alone.  In 
combination  with  other  earths,  it  exists  in  great  abundance.  I^ 
acts  either  as  an  acid  or  as  a  basa  It  forms  a  paste  with  mter'i 
and  by  indirect  processes,  can  be  made  to  form  a  geJatinoos 
pound  with  water. 

III.  Lime  is  thus  composed, — 

• 

One  equivalent  of  calcium,... 40 

One  equivalent  of  oxygen, 16 

One  equivalent  of  lime, 56 
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II.  Felspar  is  a  mineral  genus  of  componnds  of  eartbs  and 
alkalies,  of  which  the  three  species  whose  composition  is  given 
below  are  the  most  abundant,  especiallj  the  first.  Their  heaviues 
is  from  2*5  to  2*8  times  that  of  water. 

1.  Common  FdapaVy  or  Potash  Felspar^  is  composed  of  sQiOi 
alumina,  and  potash,  in  proportions  which  nearly  agree  with  the 
following  constitution : — 

6  equivalents  of  silica; 
1  equivalent  of  alumina; 

1  equivalent  of  potasL 

2.  Soda  Fehpa/r  has  the  whole  or  part  of  the  potash  rephoed  I7 
an  equivalent  quantity  of  soda. 

3.  Lime  Feispar  has  the  whole  or  part  of  the  potash  repkoeibf 
an  equivalent  quantity  of  lime. 

Felspar,  with  a  crystalline  or  compact  granular  structure,  fonu 
the  white  or  flesh-coloured  grains  and  crystals  which  are  seen  in 
granite,  porphyry,  and  some  other  rocks  to  be  aflerwards  mentioned. 
With  a  slaty  structure,  it  forms  clinkstone.  With  a  soft  granoitf 
structure  and  earthy  fracture,  it  forms  daysione.  It  presents  all 
degrees  of  hardness  and  durability. 

III.  Hornblende  presents  great  varieties  in  appearance  and 
composition.  Its  heaviness  is  from  2*7  to  3*2  times  thatof  vnter. 
The  composition  of  the  white  variety  agrees  nearly  with  tbe 
following  constitution : — 

9  equivalents  of  silica; 
6  equivalents  of  magnesia; 
2  equivalent  of  lime ; 

and  there  is  also  a  small  quantity  of  fluorine,  which  may  be  eott* 
bined  with  part  of  the  calcium.  The  most  common  varieties  tfs 
the  dark-green  and  the  black,  in  which  part  of  the  silica  appesn  to 
be  replaced  by  alumina,  in  the  proportion  of  one  equivalent  d 
alumina  for  three  of  silica,  and  part  of  the  magnesia  by  an  equinr 
lent  quantity  of  pi-otoxide  of  iron. 

Dark-green  or  black  hornblende  forms  a  great  part  of  the  ma* 
of  greenstone  or  trap.     It  occurs  in  crystals,  fibres,  and  gmina,  and 
has  a  glassy  lustre,  and  a  fracture  sometimes  conchoidal,  sometima- 
uneven,  sometimes  slaty.     It  is  one  of  the  toughest  and  most 
durable  of  minerals. 

lY.  AuoiTE  much  resembles  hornblende  in  all  its  propeftka 
The  composition  of  its  white  varieties  agrees  neaiiy  with  the 
following: — 

2  eqtuvalents  of  silica ; 

1  equivalents  of  magnesia; 
1  equivalents  of  lime; 
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the  name  syenite  to  those  in  which  there  is  little  or  no  mica;  bat 
both  are  popularly  known  as  grcmiie. 

The  quartz  is  in  the  form  of  clear,  colourless  or  gray  crystals;  the 
hornblende  (when  present)  in  dark-green  or  black  crystals;  the 
mica  in  glistening  scales,  or  grains  composed  of  such  scales;  the 
felspar  in  compact  opaque  crystals^  of  a  white^  yellowish,  or  fledi 
colour. 

Granite  is  found  underlying  the  lowest  or  "  primary "  stratified 
rocks,  and  often  rising  through  and  over  them  in  dykes,  veiDS,  and 
mountain  masses,  which  naturally  break  up  into  lai^  rfaomboidal 
blocks,  as  stated  in  Article  208,  p.  349. 

The  durability  and  hardness  of  granite  are  the  greater  the  wxt 
quartz  and  hornblende  predominate,  and  the  less  the  quantity  of 
felspar  and  mica»  which  are  the  more  weak  and  perishable  ingre- 
dients. Smallness  and  lustre  in  the  crystals  of  felspar  indioxs 
durability;  largeness  and  dullness,  the  reverse. 

The  best  kinds  of  granite  are  the  strongest  and  most  lastii^  of 
building  stones.  The  difficulty  of  working  them,  caused  by  their 
great  hardness,  is  only  overcome  by  long  piuctice  on  the  part  of  the 
stone-cutters.  Minute  ornaments  cannot  be  carved  in  granite,  asd 
a  simple  and  massive  style  of  architecture  is  the  best  suited  for  it 
It  is  used  chiefly  in  works  of  great  magnitude  and  importance,  sodi 
as  lighthouses,  piers,  breakwaters,  and  bridges  over  large  riven; 
and  for  such  purposes  it  is  brought  from  great  distances  at  consider- 
able cost,  the  stones  being  often  cut  to  the  required  forms  before 
leaving  the  quarry,  with  a  view  to  save  expense  in  carriage,  and 
to  obtain  the  benefit  of  the  skill  of  stone-cutters  accustomed  to  the 
material  It  is  only  in  districts  where  gitmite  abounds  that  it  is 
used  for  ordinary  buUding  purposes. 

II.  Gneiss  and  Mica  Slate  consist  of  the  same  materials  vitli 
granite,  in  a  stratified  form.     They  are  found  in  the  neighbooihood 
of  granite,  in  strata  much  inclined,  bent,  and  distorted,  and  oftea 
form  great    mountain  masses.      Gneiss  resembles  granite  in  ito 
appearance  and  properties,  but  is  less  strong  and  durable.    Mia 
slate  is  distinguished  by  containing  little  or  no  felspar,  so  that  it 
consists  chiefly  of  quartz  and  mica;  it  has  a  laminated  or  abtf 
structure,  and  the  sUky  lustre  of  mica;  it  is  a  tough  matoial,  la 
directions  parallel  to  its  layers,  but  is  more  perishable  than  gnnsL 
Both  these  stones  are  used  for  ordinary  masonry  in  the  distiicti 
where  they  are  found.     Gneiss,  from  its  stratified  stnictoxe,  is  a 
good  material  for  flag-stones.     Mica  slate,  split  into  thin  layosi 
may  be  used  for  covering  roofs;  but  it  is  inferior  for  tliat  pnrpoae 
to  clay  slate. 

III.  Greenstone,  Whinstone,  or  Trap,  and  Basalt.     Thev 
rocks  are  unstratified,  and  consist  of  granular  ciystals  of  hombksdl 
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acid.  Calci/erous  sandstones^  as  those  containiog  mucH  lime  are 
called,  pass  bj  insensible  degrees  into  sandy  limestonea  l%a 
appearance  of  strong  and  durable  sandstone  is  chaincteriied  I7 
sharpness  of  the  grains,  smallness  of  the  quantity  of  cementiii^ 
material,  and  a  clear,  shining,  and  translucent  appearance  on  a 
newly  broken  surface.  Bounded  grains,  and  a  dull,  mealy  smfaee^ 
characterize  soft  and  perishable  sandstone.  The  best  aMidstone  lifli 
in  thick  strata,  from  which  it  can  be  cut  in  blocks  that  show  Toy 
faint  traces  of  stratification ;  that  which  is  easily  split  into  thin 
layers  is  weaker.  Sandstone  is  found  in  every  geological  fomKtio& 
above  the  primary  rocks,  amongst  which  its  place  is  supplied  bf 
liorastone  and  quartz  rock.  The  best  kinds  on  the  whole  are  those 
which  belong  to  the  coal  formation ;  but  they  someti.mes  have  their 
strength  impaired  by  being  divided  into  layers  by  ezla«melj  thin  j 
laminiB  of  coal.  i 

The  colours  of  sandstone  are  white,  yellowish-red,  and  red,  the 
latter  colours  being  produced  by  the  pix^sence  of  peroxide  of  iroQ 
in  the  cementing  material.  Crystals  of  sulphuret  of  iron  aie 
sometimes  imbedded  in  it;  when  exposed  to  air  and  mouton^ 
they  decompose,  and  cause  disintegration  of  the  stone.  They  ar» 
easily  recognized  by  their  yellow  or  yellowish-gray  colonr  end 
metallic  lustre.  Sandstone  is  in  general  porous,  and  capable  d 
absorbing  much  water ;  but  it  is  comparatively  little  injured  bf 
moisture,  unless  when  built  with  its  layers  set  on  edge,  in  which 
case  the  expansion  of  water  in  freezing  between  the  layers  makci 
them  split  or  **  scale  '*  off  from  the  face  of  the  stone.  When  it  a 
built  "  on  its  natural  bed,"  any  water  which  may  penetrate  between 
the  edges  of  the  layers  has  room  readily  to  expand  or  escape. 

The  better  kinds  of  sandstone  ai'e  the  most  generally  nsefbl  of 
building  stones,  being  strong  and  lasting,  and  at  the  same  tine 
easily  cut,  sawn,  and  dressed  in  every  way,  and  fit  alike  for  evoy 
purpose  of  masonry. 

213.  ArsUi«ceoas  er  ciarcy  siobm  are  those  in  which  alomiDei 
although  it  may  not  always  be  the  most  abundant  oonstitofiDt^ 
exists  in  sufficient  quantity  to  give  the  stone  its  chazactenM 
properties. 

I.  PoRPHTRT  consists  of  a  mass  of  felspar,  with  crystals  of  ff^ffitf* 
and  sometimes  of  quartz,  hornblende,  and  other  minerals,  scattoed 
through  it  It  occurs  of  all  degrees  of  hardness.  The  variety  ib 
which  the  felspar  matrix  is  soft  and  earthy  is  called  dayitoM 
porphyn/;  it  is  of  little  or  no  value  for  building  purposes.  The 
hardest  kind,  in  which  the  matrix  is  compact  and  crystalline^  end 
the  whole  material  beautifully  coloured  and  capable  of  taking  ^ 
high  polish,  is  sometimes  stronger  than  granite.  It  is  me,  and  >• 
valued  in  building  for  ornamental  purpoaes. 


ABOILLACXOUB  STONES — CALCABJEOUS  STONES.  Z59 

IL  Clat  Slate  is  a  primary  stratified  rock  of  great  hardness  and 
idusity,  with  a  laminated  structure  making  in  general  a  great  angle 
▼ith  its  planes  of  its  stratification.  (See  Article  208^  p.  350.)  Its 
eoloois  are  bluish-gray,  blue,  and  purple,  the  darkest  coloura 
indicating  in  general  the  greatest  strength  and  durability.  It  can. 
be  iplit  into  slabs  and  plates  of  small  thickitcss  and  great  area,  and 
IB  nsarly  impervious  to  water;  qualities  which  make  it  the  best 
stoDy  material  for  covering  roofs,  lining  water-tanks,  and  similar 
porposea  The  stronger  kinds  of  clay  slate  have  more  tenacity 
along  their  laminse  tibiaii  any  other  stone  whose  tenacity  has  been 
ttoertained.  The  signs  of  good  quality  in  slate  are,  compactness, 
Bmoothness,  and  uniformity  of  texture,  clear  dark  colour,  lustre^ 
and  the  emission  of  a  ringing  sound  when  struck. 

IIL  Gbauwacke  Slate  is  a  laminated  claystone,  containing  sand, 
ind  sometimes  fragments  of  mica  and  other  minerals:  It  is  used 
ibr  roofing  and  for  flag-stones,  but  is  inferior  to  clay  slate. 

214.  cucare^os  fltosM  are  those  in  which  carbonate  of  lime 
pcedominate&  They  effervesce  with  the  dilute  mineral  acids, 
▼hich  combine  with  the  lime,  and  set  free  carbonic  acid  gas. 
Sulphuric  add  forms  an  insoluble  compound  with  the  lime.  Nitric 
snd  muriatic  acid  form  compounds  with  it,  which  are  soluble  in 
^ter.  By  the  action  of  intense  heat  the  carbonic  acid  is  expelled 
in  the  gaseons  form,  and  the  lime  lefb  in  its  caustic  or  alkaline 
atat^  when  it  is  called  qvMklym/6,  Some  calcareous  stones  consist 
cf  pore  carbonate  of  lime;  in  others  it  is  mixed  with  sand,  clay,  and 
<UQde  of  iron,  or  combined  with  carbonate  of  magnesia.  The 
durability  of  calcareous  stones  depends  on  their  compactness :  those 
which  are  porous  being  disintegrated  by  the  free2dng  of  water,  and 
hy  the  chemical  action  of  an  add  atmosphere.  They  are,  for  the 
iBOst  part,  easily  wrought. 

I.  WAiiBT.K  is  compact  crystalline  carbonate  of  lime.  It  is  found 
chiefly  amongst  the  primary  strata,  and  generally  in  the  neighbouv- 
kx)d  of  igneous  rocks.  It  is  translucent,  capable  of  a  fine  polish, 
sometimes  white,  and  sometimes  variously  coloured.  It  is  one  of 
the  most  durable  of  all  stones.  Its  scarcity  and  value  prevent  its 
being  used  except  for  ornamental  buildings. 

IL  CoKPACT  LiiCESTONB  consists  of  carbonate  of  lime,  either  pure, 
or  mixed  with  sand  and  day.  It  varies  in  hardness  and  compact- 
ness, sometimes  approaching  to  the  condition  of  marble,  sometimes 
to  that  of  granular  limestone.  Its  most  frequent  colours  are 
"vhite,  grayish-blue,  and  whitish-brown.  It  is  found  amongst 
pnmary  and  secondary  strata,  and  abounds  specially  in  the  coal 
formation,  and  in  the  lias  formation.  It  is  very  useful  as  a 
bdlding  stone,  and  is  durable  in  proportion  to  its    compact- 
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III.  Granular  Limestone  consists  of  carbonate  of  lime  in  gnini^ 
which  are  in  general  shells  or  fragments  of  sheUs,  cemenUi 
together  by  some  compound  of  lime,  silica  and  alumina,  and  often 
mixed  with  a  greater  or  less  quantity  of  sand.  It  is  alwap  mm 
or  less  porous,  and  the  less  porous  the  more  durable.  It  is  fomd 
of  various  colours,  especially  white,  and  light  yellowish-brcn. 
In  many  cases  it  is  so  soft  when  first  quarried  that  it  can  beeat 
with  a  knife,  and  hardens  by  exposure  to  the  air.  It  is  fouid  in 
various  strata,  especially  the  oolitic  formation.  It  there  ap]Cftn 
in  the  form  of  OoliUj  or  RoesUmBj  so  called  because  its  graiuf  are 
round,  and  resemble  the  roe  of  a  iisL  The  pleasing  colour nnd 
texture  of  oolite,  and  the  ease  with  which  it  is  wrought,  wre 
caused  it  to  be  much  used  in  building,  especially  where  deLcite 
carving  is  required.  The  durability  of  ooUtes  varies  extren^. 
The  Portland  stone,  the  Bath  stone,  and  the  Aubigny  stone  (from 
Normandy)  are  examples  of  durable  oolites.  The  perishaUe  kin^ 
of  oolite  decay  more  rapidly  than  almost  any  other  stone,  espediUj 
in  an  acid  atmosphere. 

lY.  Maonesian  Limestoni^  or  Dolomite,  is  found  in  varioos  con- 
ditions, from  the  compact  czystaUine  to  the  porous  granukr.  la 
Britain  it  is  found  in  the  new  red  sandstone  formation  im- 
mediately above  the  coaL  It  is  like  limestone  in  appeannca 
Its  durability  depends  mainly  on  its  texture;  when  that  isooip- 
pact  it  is  nearly  as  lasting  as  marble,  which  it  resemhleB  in 
appearance ;  when  porous  it  is  very  perishable. 

215.  streagili  •€  8c««M.~The  external  appearances  from  ^wluck 
the  probable  comparative  strength  or  weakness  of  stones  in^ 
be  inferred  have  been  stated  in  the  course  of  the  pmedii^ 
articles. 

Amongst  stones  of  the  same  kind,  that  which  has  the  gresM 
heaviness  is  almost  invariably  the  strongest 

The  results  of  past  experiments  on  the  strength  of  stones  of  tbs 
same  kind  differ  very  much  from  each  other,  probably  owii^  to 
variations  in  the  strength  of  the  specimens  of  stone  experimented 
on.  The  results  given  in  the  tables  of  the  strength  of  materials  at 
the  end  of  the  volume  are  averages  from  discordant  data. 

The  following  table  contains  some  additional  information  on  tbe 
resistance  of  stones  to  crushing,  extracted  6om  a  paper  wbidi  vai 
read  by  Mr.  Fairbaim  to  the  Manchester  Philosophical  Socwtfi 
and  published  in  his  Uatf^  InfofmaitMn  fir  JSngiawen,  neani 
aeries: — 
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Cnuhlog  Sinn,  in  Itw, 
oa  the  Sqiuua  Inclk 


16.893 

".970 

12,861 

10.917 

Sjemtt^  (Monnt  Hoirei), 11,820 

Sandstone  (Strong  Yorkshire,  mean  of  9  experi- 

menta), 9fi^4 

(weak  apecimenB,  locality  not  stated),  3,000  to  3,300 

e,  comjMct  (strong), 8,538 

„  magnesian  (ativng), 7.098 

„  „         (weak), 3,050 

Mr.  FMrbaim's  ezperimeDts  further  show,  tliat  the  resistance  of 

itrong  aandBtone  to  crashing  in  a  direction  parallel  to  the  laje»,  is 

ml;  tix-ieeantJig  of  the  reaiatanoe  to  cruaMng  in  a  direction  perpen- 

wilar  to  the  layers. 

The  hardest  stones  alone  give  iray  to  crushing  at  once,  without 

B  warning.     All  others  b^in  to  crack  or  split  under  a  load 

m  that  which  finally  crushes  them,  in  a  proportion  which 

from  a  fraction  little  less  than  unity  in  the  harder  stones, 

)  about  ono-liol/'ia  the  softest. 

mode  in  which  atone  gives  way  to  a  crushing  load  is  in 
bythearing.  (Article  167, pp.  235,  236;  Article  158,  p.  237.) 
rimenta  on  the  strength  of  stonea  have  hitherto  been  moda 
nniveisally  on  cubical  apecimenn.  It  is  desirable  that  they 
be  made  on  prismatic  specimens,  whose  heights  are  at  least 
nd  a-half  their  diameters;  for  an  experiment  mode  by 
;  a  cube  indicates  somewhat  mors  than  the  real  strength  of 
eiiaL 

Q  any  bnilding  of  importance  is  projected,  the  best  course  ia 
trust  to  books  for  information  as  to  the  strength  of  the 
0  be  used,  bnt  to  test  it  by  special  experiments,  which 
dly  be  made  by  the  aid  of  a  hydtaolio  press.  As  to  the 
to  be  followed  in  making  those  experiments,  and  calculating 
ault^  in  order  to  insure  accuracy,  see  Article  144,  pp. 

SuTtor  of  safety  in  structures  of  stone  should  not  be  less  than 
D  order  to  provide  for  variationa  in  the  strength  of  ths 
1,  as  well  as  for  other  contingencies.  In  some  stmctures 
bave  stood  it  is  less;  but  there  can  be  no  doubt  that  thesa 
:he  side  of  boldnesa 

Tv^iBg  DinraMHir  •<"  »■■«■— The  appearances  which  indi- 
ohable  durability  have  already  been  mentioned  in  deacrib* 
ticniar  kinds  of  stone;  but  they  are  often  deceptivA 
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One  test  of  the  probable  comparative  durabilitj  of  doma  o/tJn 
msme  kind  is  the  smallnesB  of  the  weight  of  water  which  a  given 
weight  of  stone  is  capable  of  absorbing. 

The  following  are  examples : — 

Granite  absorbs  one  part  of  water  in  from  80  to  700  of  sion«L 
Gneiss,        „  „  „  „        about  40      „ 

Clay  Slate,  „  „  ,,  ,,        80  to  700      „ 

Sandstone  (Strong,  Yorkshire),  „        30  to    60      „ 

'  Another  test  of  probable  comparative  durability  (invaited  by 
M.  Brard)  is  to  imitate  the  disintegrating  action  of  frost  by  means 
of  the  crystallization  of  sulphate  of  soda,  and  weigh  the  fi:igmeDt8 
80  detached  from  a  block  of  a  given  size  and  surface  in  a  girea 
time.     {Annales  de  Chimie  et  de  Physiquey  vol.  38.) 

The  only  sure  test,  however,  of  the  durability  of  any  kind  d 
stone,  is  experience;  and  the  engineer  who  proposes  to  use  stone 
from  a  particular  stratum  in  a  particular  locality  in  any  importaol 
stnictui^  should  carefully ,  examine  buildings  in  which  that  stooe 
has  been  already  used,  especially  those  of  old  date. 

The  great  difference  which  may  exist  in  the  durability  of  stonei 
of  the  same  kind,  and  presenting  little  difference  in  appearance,  ii 
strikingly  exemplified  at  Oxford,  where  Christ  Church  Catbedial, 
built  in  the  twelfth  or  thirteenth  century,  of  oolite  from  a  quanv 
about  fifteen  miles  away,  is  in  good  preservation,  while  many 
colleges  only  two  or  three  centuries  old,  bmlt  also  of  oolite,  from  a 
quarry  in  the  neighbourhood  of  Oxford,  are  rapidly  crumbling  to 
pieces. 

217.  Pm—iiatf—  •r  ai*«e.— The  various  processes  which  hsTS 
been  tried  or  proposed  for  the  preservation  of  naturally  perufaabb 
stone  all  consist  in  filling  the  pores  of  the  stone  at  and  near  ita 
exposed  sur£ace  with  some  substance  which  shall  exclude  air  and 
moisture.  In  every  case  the  8ur£EU»  of  the  stone  should  be  ]xe- 
pared  to  receive  the  preserving  material  by  expelling  the  existing 
moisture  as  completely  as  possible;  and  this  is  easily  done  by  tha 
aid  of  a  portable  furnace  containing  burning  coke  or  charooal 

The  principal  preserving  materials  are  the  following : — 

Bituminous  maUer,  such  as  coal  tar.  is  very  eficient;  but  qb- 
eighUy  from  its  colour.  It  is  possible,  however,  that  a  colcHvlas 
or  light-coloured  bituminous  substance,  suited  for  the  preserratioa 
of  stone,  might  be  prepared  by  dissolving  ''  paiaffine  **  (so-called)  in 
pitch-oil,  or  by  some  such  process: 

Drying  Oil,  such  as  linseed  oil,  either  unmixed,  or  as  an  ingredienl 
of  paint,  protects  the  stone  for  a  time ;  but  it  is  gradually  destroyed 
by  the  oxygen  of  the  air,  so  tliat  it  requires  renewal  fnm  time  to 
time;  and  it  injures  the  appearance  of  the  stone. 
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,  is  applied  ia  a  state  of 
1  with  silica  ID  fine  powder, 
e  evajioiation  of  ita  water, 
potash  hy  the  cai'boitic  acid 

the  pores  of  the  stone  with 
D  introdudDg  a  solution  of 
le.  The  chemical  action  of 
ae,  which  forms  an  artificial 
tone,  together  with  chloride 
le  case  may  be,  which  salts. 


Dhe  following  are  the  ex- 
ng  to  the  cxpctimcnts  of 
»hen  raised  fi-oni  the  tem- 
that  of  water  boiling  under 
'    Fahr.);  that   is,  through 

.....  -0008  to  -0009 

-00065  to -ooii 

-0009  to  ■001a 

*ooi04. 

ler  Arti/tcial  Stontt. 

)rt3  of  clay,  which  are  very 
consisting  of  silicates  of 
th  silicates  of  potash,  soda, 
).  The  complex  clays  ap< 
Ispar;  and  many  of  them 
rictics  of  felspar.     (Article 

constitnte  loam;  clay  and 
•A,  marl.  Amongst  other 
.  clay  are  peroxide  of  iron, 

,  in  its  natural  condition,  of 
ixed  with  water.  The  ex- 
process,  and  requires  a  high 
ihi-inking  and  hai-dcning  of 
what  temperature  the  ex*  - 
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puLdon  of  the  water  is  complete;  for  so  &r  as  experiment  lias  jd 
been  carried,  it  appears  that  how  high  soever  the  temperature  at 
which  a  mass  of  clay  has  been  "  burnt,*'  as  it  is  called,  it  wiU 
continue  to  shrink  and  to  lose  weight  if  raised  to  a  higher  teInpe^ 
atnre.  A  mass  of  burnt  clay,  at  temperatures  lower  than  that  at 
which  it  has  been  burnt,  expands  with  heat  and  contracts  vith 
oold  like  other  solid  substances. 

By  the  operation  of ''  burning,"  at  a  sufficientlj  high  tempeiataie^ 
day  becomes  hard  and  gritty,  and  loses  either  wholly  or  almoik 
wholly  the  property  of  combining  with  water.  Whether  the  daj 
afterwards  edowly  softens,  and  recovers  that  property  or  not^  depeo(fa 
on  its  composition,  and  on  the  chemical  agents  to  which  it  is  ex* 
posed  The  presence  of  alkaline  constituents  in  the  clay,  and  tbe 
action  of  acids  upon  it,  tend  to  promote  softening;  and  this  goes  on 
the  more  rapidly  if  it  has  been  burned  at  too  low  a  temperatiir& 

Single  eartfiv  silicates,  or  compounds  of  silica  with  one  otiNr 
earth,  are  difficult  of  fusion,  and  resist  the  most  inteose  heat 
of  a  furnace.  This  has  been  alreadv  exemplified  in  sUicate  of 
magnesia,  or  soapstone.  (Article  212,  p.  357.)  Double,  or  non 
complex  silicates,  are  more  easily  fusible,  especially  if  one  d  tbe 
two  or  more  silicates  that  are  combined  has  for  its  base  potasii, 
soda,  or  lime.  In  conformity  with  this  general  law,  the  n^radory 
daySy  or  those  which  resist  fusion  by  the  greatest  heat  of  aa 
ordinary  furnace,  are  those  which  consist  of  silicates  <^  aluauoa 
alone;  and  such  days  only  are  fit  to  make  fire-bricks  and  cmciUe^ 
and  to  cement  together  the  paints  of  furnaces. 

The  following  are  examples : — 

Porcelain  Clay^  or  Kwlvn^  corndsts  of 

2  equivalents  of  alaminai 

3  equivalents  of  silica, 

which  compound,  in  the  natural  state,  is  combined  with  t«t» 
equivalents  of  water,  nearly  all  of  which  can  be  expelled  by  a 
white  heat  It  is  found  in  the  neighbourhood  of  granitic  roda^ 
having  been  formed  by  the  slow  decomposition  of  potash-fdspar, 
under  the  action  of  the  carbonic  acid  and  moisture  of  the  atiBO> 
sphere,  which  have  abstracted  the  potash  and  nina  equivaknta 
of  silica.  Its  colour  is  white  or  cream-colour. 
Stourbridge  Fire  Clay  consists  of 

1  equivalent  of  alumina, 
3  equivalenta  of  fdlica, 

with  two  equivalents  of  water,  or  thereabouts,  which  oaa  he  neaiif 
mil  expelled  by  a  white  heat,  and  a  small  quantify  of  oxide  of  iiM* 
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Hub  and  other  fire-clajs  are  found  chiefly  in  the  ooal  formatioiu 
Their  colours  are  white,  light-gray,  and  yeUowiAh-gnty,  the  colour* 
ing  matter  being  in  generad  a  small  quantity  of  oxide  of  iron. 

Common  Clays  are  rendered  less  difficult  to  fuse  than  porcelain 
day  and  fim^Iay,  by  the  presence  of  siUcates  of  lime,  magnesia,  and 
protoxide  of  iron ;  and  the  bricks  made  of  them,  when  thoroughly 
Domed,  are  partially  vitrified.  Of  these  constituents,  protoxide  of 
iron  it  the  most  favourable  to  the  quality  of  the  clay  as  regards 
the  purpose  of  brickmaking,  as  it  promotes  the  strength  and  hard- 
nen  of  the  bricks.  Its  presence  is  shown  by  a  dark  greyish-blue 
colour,  which  ia  changed  to  red  at  and  near  the  suiface  of  the 
bricks  by  burning. 

Silicate  of  lime  in  the  clay  in  any  considerable  quantity  makes  it 
too  fusible,  so  that  the  bricks  soften  in  the  kilns  and  become  diB> 
torted. 

Carbonate  of  lime,  mixed  with  the  clay  in  considerable  quantity 
indicated  by  effervescence  with  acids),  loses  its  carbonic  acid  during 
the  homing;  and  the  quicklime  which  remains  tends  afterwards  to 
ahorb  moisture,  and  cause  disintegration  of  the  brick.  Clay  con* 
huning  this  imparity  should  be  avoided  in  making  bricks. 

Sand  mixed  with  the  clay  in  moderate  quantity  is  beneficial,  as 
tending  to  prevent  excessive  shrinking  in  the  fire.  Excess  of  sand 
Bttkes  the  bricks  too  brittle.  One  part  by  volume  of  sand  to  four 
€r  five  of  pure  clay  is  about  the  best  proportion. 

220,  nburaifectave  aad  QmiUUm  •f  Briclu. — In  making  bricks, 
the  day  having  been  cleared  of  stones,  is  ''tempered;"  that  is, 
mixed  with  about  half  its  volume  of  water,  and  worked  by  stirring 
•nd  kneading  until  it  forms  a  perfectly  uniform  and  homogeneous 
pwte.  The  quality  of  the  bricks  depends  mainly  on  the  efficiency 
^ith  which  this  is  done.  It  may  be  performed  by  a  machine  called 
t  **pug-fniUf**  in  which  the  clay,  contained  in  a  vertical  cylinder  or 
hand,  is  stirTed  and  mixed  by  flat  arms  projecting  from  a  rotating 
vertical  axis,  and  at  the  same  time  forced  downwards  by  the 
ohhqoity  of  the  surfaces  of  those  arms,  so  as  to  be  made  to  stream 
ihiwly  from  a  hole  near  the  lower  end  of  the  barrel. 

The  wet  clay,  having  been  properly  tempered  and  worked,  is 
formed  into  bricks  in  moulds,  which  are  larger  than  the  bricks  are 
intended  to  be  when  burned,  by  about  1-lOth  or  1-1 2th  of  each 
dimension,  that  being  the  ordinary  proportion  in  which  the 
dimensions  of  the  brick  shrink  in  burning. 

Ordinaxy  moulds  for  bricks  measure  about  10  inches  in  length,  5 
inches  in  breadth,  and  3  inches  or  thereabouts  in  depth;  but 
^^ricks  for  special  purposes  are  moulded  of  a  great  variety  of 
vhapesL  YariouB  madiinea  have  been  invented  for  moulding 
them. 


366  MAlSaiALS  AND  STKUCTUBEB, 

The  bricks,  haying  been  dried  in  the  open  air,  or  in  a  drpag 
house  with  a  temperature  of  from  50^  to  70%  are  bnmed  in  kilos 
whose  temperature  is  gradually  raised  in  the  oouFse  of  twenty-foor 
houra  to  a  white  heat,  maintained  nearly  at  that  temperature  vstil 
the  bricks  are  sufficiently  burnt,  and  then  allowed  to  cool  by  fllow 
degrees.  The  duration  of  the  process  of  burning  and  cooling 
varies ;  but  fifteen  days,  or  thereabouts,  is  not  unusual. 

From  data  contained  in  a  paper  by  Mr.  F.  W.  Simms,  it  appMa 
that  the  labour  of  making  bricks  by  hand  is  as  follows:-* 

(  one  temperer. 
Three  men,  viz......  -J  one  moulder, 

(  one  wheeler, 

«« 1  j.«,^  i.^«-  ^^    f  one  carrier  boy, 
and  two  boys,  viz.,  <  .  ,  v 

•'  ^        '  (  one  picker-up  boy, 

make  16,100  bricks  per  week.     This  is  at  the  rate  of 

1'12  days'  work  of  a  man,  and  )         -,  r^r.^  v  .  u 
0-75  days'  work  of  a  boy,  j  P®     * 

The  fuel  consumed  in  burning  bricks  ranges  from  5  to  10  cvi 
per  1,000  bricks. 

The  following  are  characteristics  of  good  bricks. 

To  be  regular  in  shape,  with  plane  parallel  sur&oes  and  shtip 
right-angled  edges. 

To  give  a  clear  ringing  sound  when  struck. 

When  broken,  to  show  a  compact  uniform  structure,  hard  aad 
somewhat  glassy,  and  free  from  air-bubbles  and  cnick& 

Not  to  absorb  more  than  about  one-fifteenth  of  their  weiglitfl^ 
water. 

Bricks  which  answer  the  preceding  description,  when  Mi  en  mi 
in  a  hydraulic  press,  should  require  at  least  1,100  lbs.  on  Hho  sqvtic 
inch  to  crush  them,  agreeably  to  the  strength  of  "strong  w^ 
bricks,"  as  stated  in  the  table  at  the  end  of  the  volume;  and  th^ 
will  sometimes  bear  considerably  more.  A  amall  pillar  o/hriA' 
workf  made  of  bricks  of  this  qualit;^  laid  in  oement,  should  leqvn* 
from  800  to  1,000  lbs.  on  the  square  inch  to  crush  it,   (See  page  237.) 

Bricks  in  general  begin  to  show  signs  of  giving  way,  by  splinter* 
ing  and  cracking,  when  imder  about  one-half  or  two-thirds  of  that 
crashing  load. 

The  weaker  qualities  of  bricks  may  be  estimated  as  having  fron 
one-half  to  two-thirds  of  the  strength  stated  above. 

The  bricks  supplied  for  every  building  of  importance  should  bt 
cai-efully  inspected,  and  the  defective  ones  thrown  away. . 
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>y  drying  the  cUy,  grinding 
onlds  of  proper  shapes,  sub- 
ins  on  the  square  inch,  and 
The  brickn  so  made  have 
of  ordinary  bricks,  and  con- 
ak  very  little  in  bakioft. 
cial  sandstones,  closely  re- 
tce,  strength,  and  durability, 
ind  together  with  silicate  of 
I  of  lime  (Bansome's  process). 
1  is  made  into  a  paste  with 
cks,  which  are  immersed  m 
tter  substance  penetrates  the 
le,  which  cementa  the  sand 
gradually  escapes  in  solutioo. 


ling  Maleriait. 
•^attrnt  RuBtv. — Stones  con* 
ion  and  mixture  with  other 
leful  source  of  the  cementing 
[lowing  are  their  principal 
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ark  to  enter  into  details  of 
may  be  useful  i 
I    roughly  the 
which  ai-e  of  tl 
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I.  Weigh  a  specimen  carefuUj ;  calcine  it  in  a  crudUey  and 
weigh  it  again ;  the  loss  of  weight  shows  the  quantity  of  ccaiom 
acid  and  water  together  in  the  specimen ;  bat  if  it  has  been  well 
dried  previoiislj,  at  a  temperature  not  sufficient  to  expel  carboiuo 
acid  (which  requires  a  bright  red  heat),  the  water  remaining  majbe 
neglected,  and  the  whole  loss  considered  as  carboTtic  acicL 

IL  Weigh  another  specimen  of  from  30  to  80  grains;  reduce  ik 
to  impalpable  powder  in  a  mortar,  mix  it  with  three  times  its 
weight  of  caustic  potash  or  soda,  and  heat  it  to  redness  in  a  alrer 
crucible;  dissolve  the  whole  in  slightly  diluted  muriatic  acid;  ih» 
rapidity  of  solution  may  be  increased  by  heating  the  diluted  add  to 
near  the  boiling  point  of  water.  Evaporate  the  solution,  taking 
care  to  stir  it  continually  towards  the  end  of  the  process,  until  it 
becomes  thick  and  pasty :  this  shows  that  the  silica  has  coagulated; 
mix  the  paste  with  eight  or  ten  times  its  volume  of  boiling  water:— 
this  will  dissolve  every  constituent  except  the  silica  :---filter  the 
solution,  washing  the  precipitate  well  with  water,  taking  care  ta 
preserve  all  the  water  so  used  along  with  the  original  liquor;  dir 
and  calcine  the  predpitate  left  on  the  filter;  weigh  it: — this  vill 
give  the  quantity  of  nlica  in  the  specimen. 

III.  To  the  liquor  add  water  of  ammonia  in  excess;  to  pifr* 
cipitate  the  cUuminaj  the  oxide  of  iron,  tkadpari  of  the  magnenn, 

Then  add  lime-water  by  degrees  as  long  as  a  precipitate  &lk 
That  precipitate  is  the  remainder  of  the  magnesia.  Wash  the 
whole  precipitate;  dry  it;  calcine  it;  weigh  it  To  the  wdght 
thus  found  add  the  weight  of  the  silica  found  by  operation  II,  and 
that  of  the  carbonic  acid  as  calculated  from  the  result  of  operatton 
I;  subtract  the  sum  from  the  whole  weight  of  the  specimen;  tha 
remainder  will  be  the  lime, 

IV.  From  the  total  carbonic  acid  found  by  process  I,  (and 
reduced  to  the  weight  of  the  second  specimen)  subtract  the  wo^t 
of  lime  iound  by  process  III.  x  44  ^  56 ;  the  remainder  will  be 
the  quantity  of  carbonic  acid  in  combination  with  magnesia;  and 
that  remainder  x  40  h-  44  will  give  the  quantity  of  magnaia  oi 
coTnbination  with  carbonic  acid, 

V.  Subtract  the  result  of  process  IV.  from  that  of  prooesB  IH; 
the  result  will  be  the  quantity  of  aktmiTM  and  oxide  of  iron,  and  of 
magnesia  combined  with  eilica,  if  any ;  but  in  fact,  so  fiir  as  Ume- 
stones  are  known,  the  whole  of  the  magnesia  is  in  the  state  of 
carbonate.  For  the  present  purpose  it  is  unnecessaiy  to  separate 
the  alumiua  from  the  oxide  of  iron  (although  it  might  be  done  bf 
means  of  caustic  potash,  which  dissolves  the  alumina  and  leaTCi 
the  iron). 

The  most  important  result  of  the  analysis  is  the  proportion  of 
earbonatee  to  silicates  in  the  stone.     The  quantity  of  carbooaloa 
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igh  way  by  multiplying  tlie  total 
nd  by  tbe  first  process,  by  the 

jneaian, 2'3; 

f  carbonate  of  mag- 

of  cai'bonate  of  lime,  S'la; 

I  be  between  those  limits.  Tlie 
Held  to  consist  wholly  or  almoat 

Icining  difierent  limestones  and 
)  the  following  four  classes : — 
)roduced  from  stones  containing 
es "  by  absorbing  moisture,  and 
ith  water,  hardens  slowly  in  air, 

from  stones  containing  moderate 
30  per  cent),  which  slake,  but 
ii'den  under  water  slowly.    These 

nes  containing  from  40  to  GO  per 
lake,  and  which  harden  quickly 

silicates  in  excess,  and  ave  used 
vitli  pure  lime. 

is  made  by  calcining,  at  a  bright 
nestone  that  consists  wholly  or 
ime,  such  as  marble,  or  chalk, 
i  of  its  weight  by  burning,  and 
:iime.    Of  this,  about  one-eighth 

1  performed  in  kilns  of  two  sorts. 
In  is  circuhir  in  plan,  and  oval  in 
the  bottom  being  about  G-lOths 
a  exceeds  10  or  12  feet  in  height, 
alteniate  layers  of  limestone  and 
leted  the  whole  chaise  is  removed. 
10  to  50  hours.  Another  sort  of 
th  its  axis  vertical.  It  is  contin- 
>,  which  descends,  and  is  calcined 
at  one  side  ofthe  kiln,  and  reaches 
nee  it  is  gradually  removed. 
I  is  fi-om  l-5th  to  1-Cth  of  tliat  of 
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One  cubic  foot  of  chalk  in  block,  weighs  90  lbs.  nearlj, 

„  of  broken  chalk, 63  „ 

„  of  the  quicklime  from  the 

same  chalk,  in  pieces,  35  „ 

"When  rich  quicklime  is  moistened  with  water,  it  ^akes;  that  is 
to  say,  it  combines  chemically  with  one  equivalent  of  water  (9  puts 
by  weight)  to  one  equivalent  of  lime  (28*5  parts  by  weight),  and 
forms  slaked  lime^  or  in  chemical  language,  hydraJUoflvme.  During 
this  pi-ocess,  the  lime  swells  to  from  twice-and-a-half  to  thrice-and- 
a-half  its  original  bulk,  becomes  very  hot,  and  fedls  to  powder. 
The  same  process  takes  place  slowly  through  absorption  of  moi3t4ire 
from  the  atmosphei-e ;  but  lime  for  building  purposes  ought  never 
to  be  "air-slaked,"  as  this  slow  operation  is  called;  for  the  lime 
thus  exposed  to  the  air  absorbs  not  only  water,  but  ourhonic 
acid ;  and  part  of  it  returns  to  the  state  of  carbonate  of  lime.  To 
guard  against  this  sort  of  deteiioration,  quicklime  should  be  kept  ia 
barrels,  or  in  a  dry  store,  until  it  is  required  for  use,  and  thca 
rapidly  slaked  with  water.  The  hardening  of  slaked  lime  is  pro- 
duced by  gradual  absorption  of  carbonic  acid  from  the  atmosphere, 
and  crystallization  of  the  carbonate  of  lime  so  formed.  It  is  a  ¥«t 
slow  process,  but  produces,  after  the  lapse  of  years,  a  very  hard 
material. 

225.  nrdraniic  liinics  are  obtained  by  burning  limestones,  whicSi 
contain  silicates  of  alumina,  and  sometimes  carbonate  of  magnesia, 
and  which  in  general  are  compact,  and  of  a  gray,  blue,  or  brownish- 
yellow  colour.  Besides  the  test  of  chemicil  analysis  already 
mentioned  in  Article  223,  the  following  direct  test  may  be  a|^ili«d 
to  limestones  supposed  to  be  hydraulic. 

Calcine  two  or  three  cubic  inches  of  the  stone  in  a  crucible  :— 
pound  the  calcined  lime :  make  it  into  a  stiff  paste  with  water,  and 
form  it  into  a  ball,  which  immerse  in  a  glass  of  water.  If  it  ia 
hydraulic  limey  it  will  harden  under  water  so  as  to  resist  th« 
l)ressure  of  the  finger  in  a  time  varying  from  24  hours  to  a 
Ibrtnight,  according  to  its  composition;  and  if  its  qualitj  is  good, 
in  a  month  it  will  be  about  as  hard  as  weak  limestone. 

If  it  is  cemerUf  it  will  harden  so  as  to  resist  the  pressure  of  the 
finger  in  a  few  minutes. 

The  best  kinds  of  hydraulic  lime  slake  so  imperfectly,  that  thef 
must  be  pulverized  by  grinding  them  in  the  diy  state  in  a  bu8 
consisting  of  a  circular  trough,  in  which  two  stone  rollers  shapad 
like  millstones,  at  opposite  ends  of  a  bar  rotating  with  a  ti 
shaft,  roll  round,  and  so  crush  and  grind  the  lime  to  a  Bste 
Hydraulic  lime  should  be  kept  in  sacks  or  baireb  in  a  dry 
and  exposed  as  little  as  possible  to  air  and  moisture  until  it 
to  be  used. 
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silicates  of  alumina  and  iron, 
hardeniog  uoder  water  arisen 
Btone,  consisting  of  compound 
her  Inses.  In  hydraulic  lime, 
-would  seem  to  be  a  greater  or 
h  is  capable  of  combining  with 

bj  burning  etonea  in  which 
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oe  is  exactly  in  tho  proportion 
with  the  mlica  and  alumina, 
.  and  of  General  Sir  Charles 
,  it  would  appear  that  the  beet 
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«ment  hardens  imder  water 
I  the  compoiiition  of  the  stone 

.  thin  strata  amongst  those  ot 
tquent  colours  are  brown  and 
,  and  fracture  earthy.     After 

I  to  powder,  which  is  packed 

II  required  for  use.  In  this 
:lime  with  silicate  of  alumina. 
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237.  AriiflciAl  Ccntent  is  made  by  takiog  either  ground  cUk  or 
Rlaked  pure  lime,  and  blue  clay,  in  the  proportions  that  will  give 
the  chemical  composition  stated  in  the  preceding  article,  thorouglilv 
mixing  those  ingredient-s  into  a  paste  with  water  in  a  pug-mill 
making  the  paste  into  balls  of  2  or  3  inches  in  diameter,  drrinp 
those  balls,  <^cining  them,  and  grinding  them  to  powder.  It  is 
equal,  if  not  superior,  to  any  natural  cement 

228.  Possoinnas  are  mixtures  analogous  to  cements,  but  oon- 
taining  an  excess  of  silicates  and  a  deficiency  of  lime,  so  that  tbej 
must  be  mixed  with  pure  lime  in  order  to  make  cement,  or 
hydraulic  lime,  according  to  the  proportions.  Amongst  the  best 
of  these  ai*e  iron  scale  and  mine-dust,  which  consist  of  silicates  of 
alumina  and  iron.  If  mixed  with  lime,  so  as  to  give  the  mortar 
a  gray  colour,  they  produce  cement  of  extraordinary  hardness  and 
tenacity,  which  is  probably  a  treble  silicate  of  lime,  alumina,  anti 
iron. 

An  ordinary  proportion  of  such  materials  is  about  one  part  (bj 
volume)  to  two  parts  of  hydraulic  lime,  measured  in  the  dry  state; 
but  the  best  way  to  fix  the  proportions  is  by  trial. 

Artificial  pozzolana  may  be  made  by  grinding  bricks,  or  by 
burning  good  brick-clay  and  grinding  it;  in  short,  by  any  process 
which  yields  a  dry  powder  of  silicate  of  alumina,  or  compounJ 
silicate  of  alumina  and  iron. 

229.  niortar.  Common  and  Hfdranllc. — ^Mortar  is  made  bj  Dur- 
ing lime  and  sand  with  enough  of  water  to  foi-m  them  into  a  semi- 
fluid paste,  in  which  state  it  is  used  as  a  binding  material  in 
masonry  and  brickwork. 

Common  Mortar,  being  made  with  pure  lime,  hardens  dovly 
by  the  evaporation  of  the  water,  and  by  the  absorption  of  carbonw 
acid  from  the  atmosphere,  forming  crystalline  carbonate  of  liffi'^- 
If  the  water  evaporates  too  fast,  the  mortar  falls  to  powder;  if  it 
does  not  evaporate,  the  mortar  remains  always  soft;^  Veiy  sloe 
evaporation  of  the  water  is  therefore  favourable  to  the  ultimate 
hardness  of  the  mortar. 

llydrardic  Mortar,  being  made  with  hydraulic  lime,  hankas 
partly  by  the  formation  and  crystallization  of  cjirl>onate  of  hme,  a» 
above  stated,  but  principally  by  the  formation  and  crystallization 
of  a  complex  silicate  of  lime,  alumina,  and  other  bases.  (See 
Article  225,  p.  371.) 

Common  mortar  may  be  made  hydraulic  by  a  mixture  rf 
pozzolana.     (Article  228,  above.) 

The  sand  employed  should  be  clean,  sharp,  and  rather  cotr* 
than  line.  In  order  to  render  sand  which  is  naturally  mixed  viA 
clay  fit  for  use  in  making  mortar,  it  should  be  washed  by  stirriag 
it  amongst  water,  a  slight  current  of  which  will  cany  away  tbe 
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ind     Good  sand  for  mortar  is 

e.  Sea-sand  akould  be  washed 
ts  contaioed  in  it  will  keep  the 

in  mortar  the  sand  I'emaina  in  a 
re,  BO  that  tlie  mortar,  when 
ficial  sandstone,  consisting  of 
rix  of  carbonate  of  lime,  or  of 
I  the  case  may  be.     The  uses  of 

_.  .  ire  as  follows: — 

To  save  expeuse,  by  diminishing  the  bulk  of  the  lime,  which  is 
the  more  coxtly  material,  requited  to  fill  a  given  joint  in  the 
masonry. 
To  increase  the  resJBtaiice  of  the  moi-tar  to  crushing. 
To  lessen  the  amount  of  shrinking,  und  the  consequent  tendency 
iring  the  drying  of  the  mortar. 

the  same  time,  the  mixture  of  sand  diminishes  the 
the  mortar ;  and  if  too  much  be  used,  the  mortar  will 
tie,  and  fall  to  powder  as  it  dties. 

ortion  of  sand  which  lime  will  "  bear,"  as  it  is  called, 
Jcing  the  mortar  brittle,  is  the  greater  the  purer  the 
le  less  the  more  strongly  hydraulic  the  lime  is.  The 
Lions,  according  to  Vicat,  are — 

asures  of  sand  to  1  of  pure  slaked  lime  in  past« ; 
asures  of  sand  to  1  of  good  hydraulic  lime  in  paste; 

intermediate  qualities  bears  intermediate  proportions  of 

.nd  and  pozzolana  are  mixed  with  pure  lime  to  make 
Dortur,  the  sand  and  pozzolana  together  may  measure 
to  three  times  the  volunie  of  tlie  lime  befui-e  slaking, 
ig  mortar,  however,   the  best  method  is,  to  aacertain 
iroportious  in  each  case  by  trial. 
ur  of  mixinff  jHoriar  by  the  sitovtt  may  be  estimated  at 

I  of  a  day's  work  of  a  man  per  cubic  yard. 

rte  pug-mill  mixes  mortar  at  the  rate  of  from  20  to  25 
per  day. 

ulic  mortar  tends  toM*,  or  harden,  even  in  the  wet  state, 
t  be  mixed  until  immediately  before  it  is  required  for  use. 
cnM  ■■)!  BMW).— Common  concrete  is  a  mixture  of 
1  gravel,  in  proportions  such  that  the  gravel  and  sand 
a  about  six  times  the  volume  of  the  lime.  It  may  be 
T 1^  hand  or  by  the  pug-milL     (See  p.  793.) 
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Strong  HydrauLic  C(mcrete,  to  which  the  name  heton^  boriowtail 
from  the  French,  has  been  applied,  is  made  bj  mixing  angular 
fragments  of  stone  of  from  1^  to  2  inches  in  diameter,  with 
hydranlic  mortar  in  such  proportions,  that  the  mortar  b  a  little 
more  than  enough  to  fill  the  spaces  between  the  stones : — a  propo^ 
tion  which  is  easily  found  by  trial  in  each  case.  It  may,  however, 
be  estimated  as  varying  from 

1  volume  of  stones  and  1  volume  of  mortar,  to 

2  volumes  of  stones  and  1  volume  of  mortar. 

Concrete  and  beton,  when  mixed,  occupy  at  first  from  two-tfairds 
to  three-fourths  of  the  total  volume  of  their  materials  before  nubdng; 
and  when  laid  and  rammed,  they  undergo  a  further  settlement  of 
about  one-sixth;  so  that  the  final  volume  of  concrete  and  beton 
varies  from 

§  to  ^  of  the  volume  of  the  materials  when  unmixed. 

When  rounded  stones  only  can  be  obtained,  such  as  flinta  tram 
the  chalk  strata,  they  may  be  made  fit  for  the  composition  of  betoo 
by  breaking  them  with  the  hammer  into  angular  pieces.  (See  pL  4361.) 

231.  niizcd  CcmeMt.— Cement  which  is  to  dry  and  set  when  fbllj 
exposed  to  the  air,  as  at  the  outer  edges  of  joints,  or  on  the  &oe  of 
a  wall,  should  be  mixed  with  sand,  to  prevent  unequal  diying,  and 
consequent  shrinking  and  cracking.     The  proportions  vary  fixMa 

1  measure  of  sand  and  2  of  cement,  to 
1  measure  of  sand  and  1  of  cement. 

Every  mixture  of  sand  diminishes  the  tenacity  of  cement;  so  mncfc 
so  that  a  mixture  of  equal  parts  of  sand  and  cement  has  only  one- 
fourth  part  of  the  tenacity  of  pure  cement.  Where  the  snz^iioe  of 
the  cement,  therefore,  is  not  exposed  to  the  air,  the  only  advmntige 
of  a  mixture  of  sand  is  the  saving  of  expense;  and  whom  gnit 
tenacity  is  required,  pure  cement  shoidd  be  used. 

232.  Screnglli  of  llloitmr*  CJeMeatt  C^Bcretct*  ■■#  Bet— ^ —To  tlie 

data  given  in  the  tables  in  the  appendix,  the  following  results  oi 
experiment  may  be  added : — 

A  Yeab  and  a-halp  after  Mixture.      u^^L^^^s^^^ua 
Mortar  of  Lime  and  River-Sand, 440 

»  If  »  beaten, 600 

Mortar  of  Lime  and  Pit-Sand, 580 

„  „  „        beaten, 800 

Hydraulic  Mortar,  of  lime  and  pounded  tiles, 680 

»  «  n  beaten,  93* 

Beton,  or  concrete,  of  mortar  and  broken  flinty  ^t^ 
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tbe  increase  of  strength  is  in  the 
i-8th 

I-4tlL 

.  the  authority  of  Rondelet.) 

uiAiuiu.              on  the  Square  Ineh. 
170 


85 


from  Vicat) 

B  Mixture. 

ir  to  compact  lime- 

15 

■to brick,  33 

am  Rondelet) 

Bine  (My,  a,  few 

W.  Pasley) 125 

£t  limestone  and 

aixtnre, laooto  ifiSO 

—Gypsum  is  a  compound    of 
following  proportions  :— 


1  acid  (SDlphnr  39  + 


-  56 
■  36 


rsriouK  conditions,  ciyBtalline, 
It  is  translucent,  usually  «iiite 
Ean  be  easily  scratched  with  a 
leas  between  rock-salt  and  oal- 

■  is  expelled,  and  it 
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diy  white  powder  of  sulphate  of  lime,  known  as  *^  Plaster  ofParit,* 
When  this  powder  L?  rapidly  mixed  with  water,  so  as  to  fonn  a 
paste,  it  immediately  begins  to  combine  with  part  of  the  water,  so 
as  to  reproduce  gypsum  in  a  compact  granular  state ;  heat  is  at  the 
same  time  developed,  which  hastens  the  evaporation  of  the  S1lpe^ 
fluous  water.  The  mixture  should  be  made  by  putting  the  powder 
into  the  water,  not  the  water  amongst  the  powder.  The  propor^on 
of  water  used  varies  according  to  the  purpose  to  which  the  plastar 
is  to  be  applied;  on  an  average  it  is  about  equal  in  bulktotlie 
powder. 

The  tenacity  of  plaster,  after  it  has  "  set,"  or  hardened,  aocordirg 
to  Bondelet,  is  about  70  lbs.  per  square  inch. 

234.   BIlnmlMOiis  Cement  and  Concrete.— A  bituminouS  oemeot  is 

a  mixture  of  a  pitchy  or  bituminous  substance  with  an  earthj 
substance. 

For  example,  A  spIuUtic  Mastic  is  made  by  mixing  Biiumen,  or 
mineral  tar,  obtained  from  bituminous  shale  or  sandstone,  with  the 
powder  of  bituminous  limestone  or  asphalt : — a  mineral  which  con- 
sists of  carbonate  of  lime,  containing  in  its  pores  &om  3  to  lo  per 
cent,  of  bitumen. 

The  asphalt  may  either  be  broken  into  small  fragments  or 
ground  to  powder.  It  is  then  combined  with  the  bitumen  Ijj 
heating  the  latter  in  an  iron  boiler,  and  adding  the  asphalt  bj 
degrees,  taking  care  to  mix  the  ingredients  welL  The  proportions 
vary  with  the  composition  of  the  asphalt,  less  bitumen  being 
required  for  that  asphalt  which  contains  much  bitumen.  The 
average  proportion  may  be  estimated  at  about  1  part  by  measure  of 
bitumen  to  7  or  8  of  asphalt. 

Artificial  asphaltic  mastic  may  be  made  by  substituting  coal-tar, 
or  a  solution  of  pitch  in  pitch-oil,  for  bitumen,  and  adding  to  it 
finely  ground  limestone  till  a  proper  consistency  is  attained. 

A  mastic  composed  of  coal-tar  and  finely  ground  fii-oclay,  in 
proportions  which  have  never  been  exactly  determined,  but  wludi 
ai'e  adjusted  by  trial  until  the  mixture  when  cool  is  just  soft 
enough  to  yield  visibly  to  the  pressure  of  the  nail,  and  no  more, 
has  been  found  exceedingly  useful  to  make  tight  joints  in  pip^ 
especially  those  traversed  by  strong  acids,  which  would  act  upon  a 
mastic  containing  limestone. 

A  bituminotbs  or  asplialtic  mortary  as  it  may  be  called,  is  made  by 
adding  to  the  before-mentioned  mixture  of  bitumen  and  powdertil 
asphalt,  about  a  thirty-fifth  of  its  bulk  of  resin  oil,  and .  thzee-fifiiis 
of  its  bulk  of  sand. 

1 1  Measures  of  this  mixture,  with  9  of  broken  stone,  make  a  sent 
of  bituminous  concrete,  suited  lor  covering  the  surfaces  of  roads,  an*! 
for  building  under  water. 
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dirtary  Foundaiiota. 

»**  Mm*  CUwtii.— The /oundaiion 
)Dsists,  in  the  firat  pla£e,  of  aa 
coadly,  if  required,  of  a  atxucture 
n,  suited  to  form  &  firm  base 
)na  to  which  this  Bectlon  relates 
excavation  alone  is  required,  or 
li  Band,  stonea,  concrete,  or  beton. 
aiacter,  and  requiring  mora  com- 
re,  will  be  treated  of, in  a  later 

d  under  three  classea,  viz. : — 

material  whose  stabilitj  b  not 

r. 

ach  aa  sand,  gniTel,  and  hard  clay. 

lould  be  aa  nearly  as  possible  per- 
le  pressure  which  it  is  to  sustain, 
t  pi-essura  with  safety.  The  area 
t  by  making  the  lowest  courses  of 
uilding  spi-ead  out  by  a  series  of 
iifEciently  broad  layer  of  concrete 
hes  under  openings;  and  by  other 
inceof  the  foundation  of  apiece  of 
the  resultant  of  the  pressure),' 
re  of  gravity  of  its  figure  beyond 
^rwards  specified  in   particular 

■epara  a  rock  foundation  for  being 

eneral  all  the  operations  that  are 

•cayed  parts  of  the  i-ock. 

c  to  a  plane  surface,  or  to  a  set  of; 

:,  perpendicular,  or  nearly  perpen- 

1W8  in  rock  with  beton,  or  wiLh-.- 

lable,  in  order  to  distribute  the 
a  covered  with  a  layer  of  beton, 
Qplea,  ranges  from  a  lew  inches  to 

n  a  rock  foundation  should  at  no 
iBure  which  would  cruah  the  ro«k. 
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(See  Article  215,  p.  36.)  The  following  are  examples  of  Um 
ftctual  intensitj  of  the  pressure  on  some  existiiig  rock  foond- 
acions : — 

Preanre  in  Ibi. 
ontbe  oathi 

S<Iiure  Foot    Sqautla^ 

Average  of  ordinary  caaes,  the  rock 
being  at  least  as   strong  as  the 

strongest  red  bricksy 20,000     ...     140 

Pressures  at  the  base  of  St.  KoUox 
Chimnej  (450  feet  below  the  sum- 
mit^ : — 

On  a  layer  of  strong  concrete  or 

beton,  6  feet  deep, 6,670     ...      46 

On  sandstone  below  the  beton,  so 
soft  that  it  crumbles  in  the 
hand, 4,000     ...      ad 

The  last  example  shows  the  pressure  which  is  safely  bone  ia 
practice  by  one  of  the  weakest  substances  to  which  the  name  of 
rock  can  be  applied. 

The  proper  rule  for  limiting  the  deviation  of  the  centre  of 
resistance  of  a  rock  foundation  from  the  centre  of  gravity  of  its 
figure  is,  that  there  should  he  no  tention  cU  any  point  0/  the  ham. 
The  following  is  the  formula  for  calculating  the  greatest  valoe  of 
the  deviation  in  question  which  is  oonsistent  with  that  limi- 
tation : — * 

Let  A  denote  the  area  of  the  base; 

y  the  distance  from  the  centre  of  gravity  of  the  figure  of  Ihe  bsse 
to  the  edge  furthest  from  the  centre  of  reustance; 

A  the  total  breadth  of  the  base  in  the  same  direction; 

I  the  moment  of  inertia  of  that  figure,  computed  as  for  the  cn)»- 
section  of  a  beam  relatively  to  a  neutral  axis  traversing  the  centre 
of  gravity  at  right  angles  to  the  direction  of  the  deviation  to  be 
found.  (See  Article  163,  pp.  252-254,  and  Article  179,  j^ 
294,  295.) 

Z  the  deviation  to  be  found; 

then 

>=^=^*j 0-) 

in  whidi  ezpreflsion,  q  has  the  same  meaning  as  in  Article  179,  fp^ 
294,  295,  where  a  table  of  its  values  for  various  figures  is  fftm. 

•  See  AppUed Umshmkt,  Artlde  94,  pi>.  76,  77;  Article  205,  pp.  sn;  SSH 


equation  ia,  that  th< 
■ying  ttreaa. 
{A.M.,100.)—Jnea 
istance  to  displacbtnc 
of  earth  displacec 
:io  to  the  weight  of  I 
equations,  in  eaob.  oi 
r  the  foundation ; 
foot  of  the  earth; 

Cue  L  Let  the  weight  of  ^e  hoilding  be  nniforroly  di 
OTCT  ita  base,  and  let^g  be  the  intensity  of  the  preasure 
^it    Then 

wx         (\  —  sin  ai\* 

TT  —  \rF^~tl 

Cm  n  When  the  weight  of  &e  building  is  so  diatrih 
rmly  varying  pressure  on  the  foundati 
236,  let  pj  be  tAe  greatest,  p^  the  least,  ■ 
that  presBore;  then  the  two  following  t 


«x        /I  —  mn  9\* 
^  —  U  +  Bin  9)  '■■ 


idnoed  the  following  restriotions  as  to  t 
e  intenaty  of  the  preesnni  on  the  base, 
entre  of  resistance  &om  the  centre  of  ] 


ft  —  VI  —  sin  9J  ' 


TQ  of  the  foundation,  as  is  nmially  tbi 
b  its  nential  uds,  we  have 


(1  —  sin  »)*      1  _  JjTO# 
1  +  Kn*»  "  1  +  sin*  » 
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^          I    Pi — Pf          7       2  sin  0  ,^.    ■ 

P1+P2                l  +  sui*^  ^   ' 

The  followmg  table  gives  some  examples  of  the  values  of  the 

functions  of  the  angle  of  repose   which  occur  in  the  preceding 
formulae : — 

(p              isT        20**       2sr      Sd"          35""  40*      45* 

-f-sm^       j.yQQ   2-039    ^'464   3'ooo       3*690  4-599    5*^26 


0*588   0*490  0-406   0*333       0-271       0-217    0172 


1  —  sin  ^ 
1  +  sin  ^ 

(1  +  sin  ^\*      o  ^  /. 

. . — -)     2*890  4*^59    ^*o7o   9*000     13-619     21-152    33*94 

/I— 8in(p\2  ^  ^^ 

( |-n^— ; — )    0-346  0-240   0-165   o-iii       0-073       0'047  ox)295 

1  +  sin^  0 


(1  —  sin  ^)2 


i'945  2579   3*535  5'ooo      7'3io     11*076    1747 


Vr— i .    o  J  0-514    0-387     0-283     0-200         0*137  O-OOO      0-057 

1  +  sin^  (p  ^  ^  ^  »#•  ^ 

2  sin  ©  ft^       ^  o  ft^ 

T— i — ^5-:=       0*486   o-6i2   0*717    o-8oo       0-863       o'Oio    0-043 

238.  Foundationa  in  Firm  Earfii. — ^When  a  foundation  is  to  be 
made  in  such  earth  as  hard  clay,  clean  diy  gravel,  or  clean  sharp  sand, 
— that  is  to  say,  in  earth  which  has  consideiuble  frictional  stabilitj, 
and  is  not  liable  to  have  that  stability  diminished  by  beoomiog 
saturated  with  water, — ^it  is  rarely  necessary  to  apply  the  principles 
of  the  preceding  article;  because  the  depth  to  which  the  foundatioa 
must  be  sunk,  in  order  that  the  building  may  rest  on  earth  bekiv 
the  reach  of  the  disintegrating  effects  of  frost  and  drought,  is  almos: 
always  greater  than  those  principles  require.  In  Britain  that 
depth  should  be  at  least  3  feet  for  sand  and  4  feet  for  day.  In 
continental  i-egions,  where  the  climate  has  greater  extremes  of  heat 
and  cold,  a  greater  depth  is  necessary.  For  example,  in  Germany,  it 
appears  that  the  depths  of  ordinaiy  foundations  are  from  4  to  3 
feet,  and  in  North  America  from  4  to  6  feet. 

Care  should  be  taken  to  divert  surface-water,  which  may  tead  to 
run  into  the  foundation,  by  means  of  catchwater  drains,  just  as  in 
other  cuttings  (Article  189,  p.  334);  and,  if  necessary,  drains  oogbt 
also  to  be  made  at  the  bottom  of  the  foundation. 

The  greatest  intensity  of  pressure  on  foundations  in  firm  eaith  b 
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nsnally  fi-om  2,500  to  3,500  lbs.  per  square  foot,  or  fro 
Hi  lbs.  pel-  square  inch. 

In  fixing  the  "  spread,"  or  additional  breadth  given  to  tb 
iDgs"  or  foundation  coureeg  of  the  masonry  or  brickwork  of 
«ulls,  the  usual  rule  is  to  make  the  breadth  of  the  base  o 
vbalf  the  thickness  of  the  body  of  the  vail  in  compact  grt 
twice  that  thickness  in  sand  and  stiff  clay. 

239.  In  VaBBdaU*i>«  mi  8«n  Enith  care  must  be  taken 
depth  of  the  foundation  is  not  less,  as  compared  with  the  pr 
the  buildings,  and  the  deviation  of  the  centre  of  resist 
gnater,  as  compared  with  the  breadth  of  base,  than  the  lim 
br  the  formulie  of  Article  237.  Those  objects  are  pron 
making  the  breadth  of  the  base  of  the  masonry  as  gn 
iiracticablc,  so  as  at  ooce  to  distribute  its  weight  over 
mrfuce,  and  to  increase  the  breadth  as  compared  with  the  c 
of  the  centre  of  resistance  from  the  centre  of  gravity  of  the 

If  practicable,  the  ground  should  be  weU  drained  be 
■Uggiug  of  the  foundation  is  commenced,  in  order  to  inc 
birnness  aa  far  ns  possible. 

Precisely  as  in  the  case  of  an  embankment  on  soft 
{Article  204,  p.  343),  a  trench  may  be  dug  and  filled  with 
material,  such  as  saud  or  concrete,  in  order  to  distribute  i 
fflre,  and  convey  it  to  a  sufficiently  low  stratum  of  tl 
materiaL     To  find  the  pi-oper  depth  for  the  trench — 

Lpt  p,  bo  the  giTat«st  intensity  of  pressure   of  the    : 

■  builJing  on  ila  base,  in  lbs.  per  square  foot.     In  calculal 
.    quantity,  if  the  trench  is  to  be  filled  with  sand,  the  area  ovi 

the  weight  of  the  building  is  distributed  should  be  taken  a 

■  equal  to  the  area  of  the  lowest  course  of  foundation  stones, 
the  trench  is  to  be  filled  with  beton,  the  weight  may  be  oo 

'    (as  in  an  example  given  in  p.  378)  to  be  distributed  over  t] 
i    area  of  the  layer  of  beton,  provided  the  edges  of  that  layt 
project  beyond  the  edges  of  the  foundation  stones  to  a 
greater  than  the  depth  of  the  layer  of  beton. 
Let  w  be  the  weight  in  lbs.  of  a  cubic  foot  of  the  mate' 
.    which  the  trench  is  to  be  filled;  being  about  00  lbs.  for  i 
130  f<ir  strong  concrete  or  betou — 
tc',  the  weight  of  a  cubic  foot  of  the  soft  earth; 
9',  its  angle  of  i-cpoae; 

also  let  -!^^!°^  =  i';  (for  values  of  A'  and  of  i^,  sec  p 

■nd  the  required  depth  of  tiie  trench  ^  x' ;  then 

i  a,'  =       ?^  ^'- 

I  w'  —  w  *■*  ■■ 
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The  material  for  filling  the  trench  should  be  laid  and  zammed  in 
layers  of  about  a  foot  deep.  If  concrete  is  used,  the  effect  of 
mmming  may  be  produced  by  throwing  it  down  from  a  scaffolding 
at  least  ten  feet  high. 

If  the  trench  is  filled  with  sand,  the  building  may  be  founded  on 
the  layer  of  sand  as  on  a  natural  sand  foundation. 

If  the  trench  is  filled  with  concrete,  the  building  is  to  be  baflt 
on  the  upi)er  surface  of  that  layer  as  soon  as  it  is  set,  care  being 
taken  that  the  intensity  of  the  pressure  on  the  concrete  does  not 
anywhere  exceed  one-eighth  part  of  ita  resistance  to  cruBhing;  that 
is  to  say,  about 

— ~ —  =  6,GG0  lbs.  on  the  square  foot,  or 

-^  =  46  lbs.  on  the  square  inch- 
In  buildings  which  contain  a  number  of  openings,  such  as  arde^ 
windows,  doorways,  <kc.,  the  distribution  of  the  load  on  the 
foundation  over  an  increased  area  may  be  efiected  by  means  of 
inverted  arches  under  the  openings,  provided  those  arches  are  vetr 
accurately  built. 

.  The  more  diflScult  class  of  foundations  in  soft  ground,  vhidx 
require  the  use  of  timber  or  ii*on  to  make  them  safe,  will  be  treated 
of  in  a  later  chapter. 

When,  by  trial-pits  and  borings,  it  is  shown  that  a  soft  stratuM 
underlies  a  firm  one,  equation  1  sdiould  be  applied  in  order  to 
determine  whether  the  depth  (a')  of  the  firm  stratum  is  sufficieBt 
to  make  the  foundation  safe.  When  the  firm  stratum  consists  of 
sound  rock,  the  intensity  p^  of  the  pressure  on  the  soft  stratum  doe 
to  the  weight  of  the  building  may  be  computed  according  to  tba 
same  inile  as  for  a  layer  of  concrete.  The  results  of  this  method 
will  eiT  on  the  safe  side. 

Section  Y. — Constnictum  of  Stone-Masonry. 

240.  General  Principles— The  following  principles  are  to  be 
observed  in  the  building  of  all  classes  of  stone-masonry. 

I.  To  build  the  masonry,  as  far  as  possible,  in  a  series  of  coaz«^ 
perpendicular,  or  as  nearly  perpendiciilar  as  possible,  to  the  direction 
of  the  pressure  which  they  have  to  bear;  and  to  avoid  all  long 
continuous  joints  parallel  to  that  pressure  by  «  breaking  joinf 

II.  To  use  the  largest  stones  for  the  foundation  course. 

IIL  To  lay  all  stones  wliich  consist  of  layers  or  "  beds  "  in  soca 
a  manner  that  the   principal  pressure  which  they  have  to  bear 


J 


241.  BoMarr  Ciu«4^The /oca  of  a  stc 
which  is  expoeed  to  view.  Its  beds  are  the 
ere.  Its  tides  are  the  surfaces  which  b 
nsverae  both  to  the  fece  and  to  the  beds. 
>lied  to  the  joints  between  or  parallel  t 
ich  the  principal  pressures  act;  these  joi 
ii»,-  the  tide-joints,  or  joints  transverse  bn 
t,  are  often  called  simply  j(nnf«. 
fhe  classitication  of  masonry  for  enginee 
i«t  entirely  on  the  size  and  figure  of  t 
DDcr  in  which  the  joints,  whether  bed-jo 
3ied  and  executed,  the  appearance  of  the 
yaiaxj  importance. 

fhe  principal  tools  employed  in  the  dres 
bbling  hammer,  whose  head  is  pointed  i 
I  axe-formed  at  the  other,  and  various  < 
oted  at  the  end,  and  the  others  flat,  an 
n  one  to  three  inches,  or  thereabouts, 
rhe  scabbliog  hammer  produces  a  rougl 
ae  surface;  the  point  gives  a  closer  apprc 
^»Jo&  covered  with  a  number  of  small  paral 
"inch-tool"  and  other  flat-ended  chi&e] 
by  the  point,  producing  still  gi-eater  si 
ssed  is  said  to  be  "  drovM." 
iliere  are  an  indefinite  number  of  difiereni 
n  "  perpend  ashlar,"  in  which  every  stoi 
ire  and  exactly  fitted  to  the  adjoiniuj 
ble,  in  which  the  atones  are  built  nearly 
ny,  great  irr^^larities  of  ^ure  alone  b( 


!or  engmeenng  purposes,  masonry  may 
let  four  principal  kinds,  vi&: — Aahlar 
irsed  Rubble — and  Common  Bubhle — i 
iuM  four  ^"'^« 


ZSi  MATERIALS  AND   STRUCTUFiES. 

242.  Ashlar  iiiosoiirr,  or  he  WD  stone,  consists  of  blocks  cut  to 
regular  figures,  generally  rectangular,  and  built  in  courses  of  an 
uniform  depth,  which  is  seldom  less  than  a  foot. 

In  order  that  the  stones  may  not  be  liable  to  be  broken  acrosa, 
no  stone  of  a  soft  material,  such  as  the  weaker  kinds  of  sandstone 
and  granular  limestone,  should  have  a  length  greater  than  3  times 
its  depth ;  in  harder  materials,  the  length  may  be  4  or  5  times  the 
deptL  The  breadth,  in  soft  materials,  may  range  from  1^  times  to 
double  the  depth ;  in  hard  materials,  it  may  be  3  times  the  deptk 

The  bed -joints  and  side-joints  are  dressed  to  plane  surfaces 
(and  in  some  exceptional  cases  to  be  afterwards  specified,  to  cur\*ed 
suHaces).  In  the  case  of  plane  joints  this  is  done  by  making  an 
accurately  plane  chisel-draught  all  ix)und  the  edges  of  the  surfaw 
to  be  shaped,  and  if  the  stone  is  large,  some  additional  transverse 
chisel-draughts  in  the  same  plane,  and  dressing  the  remainder  o^ 
the  surface  by  the  point  down  to  the  plane  of  the  chisel-dmught, 
which  serves  as  a  guide.  The  accuracy  with  which  this  is  done  is 
of  special  importance  in  the  case  of  bed-joints ;  for  if  any  part  of  the 
surface  projects  beyond  the  plane  of  the  chisel-draught,  that  pro- 
jecting part  will  have  to  bear  an  undue  share  of  the  pressure, 
which  will  be  concentrated  upon  it;  and  the  joint,  which  will  gape 
at  the  edges,  constituting  what  is  called  an  open  joint,  will  be 
wanting  in  stability.  On  the  other  hand,  if  the  surface  of  the  bed 
is  concave,  having  been  dressed  down  below  the  plane  of  the  chisel- 
draughts,  the  pressure  is  concentrated  on  the  edges  of  the  stone,  to 
the  risk  of  splintering  them  off.  Such  joints  are  said  to  be  flushed. 
They  are  more  difficult  of  detection  after  the  masoniy  has  been 
built  than  open  joints,  and  are  often  executed  by  design,  in  order  to 
give  a  neat  appearance  to  the  face  of  the  building;  and  tbcrefow 
their  occurrence  must  be  guarded  against  by  careful  in^)ect2on  (& 
the  progress  of  the  stone-cutting. 

When  the  stone  has  been  dressed  so  that  all  the  small  ridge*  ou 
its  surface  are  in  one  plane  with  the  chisel-draughts,  the  pressure 
is  distributed  with  a  near  approach  to  imiformity;  for  the  mortar 
serves  to  transmit  it  to  the  furrows  between  the  ridges 

Great  smoothness  is  not  desii-able  in  the  joints  of  ashlar  masoniy 
intended  for  strength  and  stability;  for  a  moderate  degree  of 
roughness  adds  at  once  to  the  resistance  to  displacement  by  sUdiugt 
and  to  the  adhesion  of  the  mortar. 

Each  stone  should  first  be  fitted  into  its  place  diy,  in  order  that 
any  inaccuracy  of  figure  may  be  discovered  and  corrected  by  the 
Rtone-cutter,  before  it  is  finally  laid  in  mortar,  and  settled  in  iti 
bed.  No  side-joint  in  any  course  should  be  directly  above  a  side- 
joint  in  the  course  below ;  but  the  stones  shoidd  overlap  or  bi^ 
joint  to  an  extent  of  from  once  to  once-and-a-half  the  depth  of  a 


"1 


nasonry :  iU  effect  is  to  mako 
i  two  stones  of  the  coarse 
it  two  trtonea  of  the  cour«e 
<t,  to  distribute  the  pressure; 
r  part  of  the  structure,  or  of 
tntnamitted  to  and  spread 
diog  downwards  or  upwards, 
tie  the  building  together,  or 
wise  and  from  face  to  back, 
fhere  they  overlap. 
length  parallel  to  the  face  of 

stone  which  lies  with  its 
X  of  the  building  is  called  a 
Dgethcr  lengthwise,  headers 
ar  masonry  is  that  in  which 
ig  contains  a  header  and  a 
'  each  header  resting  on  the 
w ;  BO  that  rather  more  than 
ta  of  ends  of  headers.  This 
rn  circumstances  require  it; 

the  ends  of  headers  should 
rhole  area  of  the  face  of  the 

lould  be  of  large  dze  and 
headers  and  stretchers;  each 
ne  of  the  two  facet  of  the 
eher  relatively  to  the  other. 
its  of  welt-executed  ashlar 
inch.  The  volunte  of  mortar 
of  the  volume  of  the  stone, 
ering  chiefly  for  the  piers, 
dges,  for  hydraulic  works  to 
juoins,  string  courses,  and 
and  to  brickwork,  and  in 
rtrength    and    stability  are 

is  built  with  stones  of  the 
ut  Bcabbled  or  dressed  with 
intermediate  between  ashlar 

ashlar  stones  are  dressed,  or 
there  ought  to  be  a  chisel- 
forming  sharp  and  straight 
ids  and  joints,  in  order  that 
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243.  lUock^M-Coanie  iffaooBiT  differs  from  hammer-di^saedaiUir 
chiefly  in  being  built  of  smaller  stones.  The  nsual  depth  of  tk 
courses  is  from  7  to  9  inches.  The  same  rules  applj  to  brakiag 
joint,  and  to  the  proportions  which  the  lengths  and  breadfib 
of  the  stones  should  bear  to  their  depths^  as  in  aihlar;  and  as  ift 
ashlar  also,  a£  least  one'/oiMrth  of  the  face  of  the  building  riunld 
consist  of  headers,  whose  length  should  be  fix>m  3  to  5  tunes  tk 
depth  of  a  course. 

Block-in-course  masonry  is  used  for  spandrils  and  wing-walls  d 
bridges,  the  facing  of  retaining  walls,  and  similar  purposes. 

244.  In  craned  Rnbbie  HBLwu^mrr  the  building  confflsts  of  a  aeries 
of  horizontal  courses,  seldom  exceeding  one  foot  in  depth,  each  of 
which  is  correctly  levelled  before  another  is  built  upon  it;  but  (Kb 
side-joints  are  not  necessarily  vertical  On^fowrlk  part  at  leaal  d 
the  face  in  each  course  should  consist  of  bond-stones  or  headea; 
each  header  to  be  of  the  entire  depth  of  the  course,  of  a  breadth 
ranging  from  1^  times  to  double  that  depth,  and  of  a  kBgth 
extending  into  the  building  to  from  3  to  5  times  that  deptli, 
as  in  ashlar.  Those  headers  should  be  roughly  squared  vi^ 
the  hammer,  and  their  beds  hammer-dressed  to  apprmdiDiAe 
planes;  and  care  should  be  taken  not  to  place  the  headen  of 
successive  courses  above  each  other;  for  that  arrangement  iroold 
cause  a  deficiency  of  bond  in  the  intermediate  parts  of  the  omine. 
Between  the  headers,  each  course  is  to  be  built  of  smaller  stmeB)  of 
which  there  may  be  one,  two,  or  more,  in  the  depth  of  the  comae 
These  are  sometimes  roughly  squared,  so  as  to  have  vertical  side* 
joints;  sometimes  the  stones  are  taken  as  they  come,  so  that  tfaff 
side-joints  are  irregular;  but  no  side-joint  should  form  an  angle 
with  a  bed-joint  sharper  than  60°.  Care  should  be  taken,  not  only 
that  each  stone  shall  rest  on  its  natural  bed,  but  that  the  ndfls 
parallel  to  that  natural  bed  shall  be  the  largest,  so  that  the  s((me 
may  lie  flat,  and  not  be  set  on  edge  or  on  end.  Howsoever  small 
and  irregular  the  stones  may  be,  care  should  be  taken  to  make  the 
courses  break  joint.  Hollows  between  the  larger  stones  should 
be  carefully  filled  with  smaller  stones,  completely  imbedded  in 
mortar. 

Coursed  rubble  masoniy  requires  great  care  in  the  inspeetutt  o! 
its  progress,  to  see  that  the  preceding  rules  are  observed;  aad 
especially,  tiiat  the  interior  of  the  wall  contains  neither  empty 
hollows,  nor  spaces  filled  wholly  with  mortar  or  with  rubhdh 
where  pieces  of  stone  ought  to  be  inserted,  and  that  each  stone  ■ 
laid  flat,  and  on  its  natural  bed.  Care  must  be  taken  that  tfct 
headers  or  bond-stones  are  reaUy  what  they  profess  to  be^  s^d 
thin  stones  set  on  edge  at  the  face  of  the  walL 

A  cubic  yard  of  rubble  maaoniy  requires,  in  order  to 
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aaea,  ajid  j-  cubio  jrani  of 


g  wcdls  and  'wing-walls  that 

Df  block-in-course  or  ashlar, 

lat  are  faced  with  ashlitr  or 

yarious  other  purposes. 

Rnbble  is  often  built  in  "  random  coursea;"  that  is  to  say,  eocb 

coone  rests  on  a  plane  bed,  but  is  not  necessarily  of  the  same 

"lorat  the  same  level  tiirongboat,  so  that  the  beds  occasionally 

r&ll  by  steps. 

S.  C»i»i»  BakUa  Hassair  difieis  &om  conraed  rubble  in  not 
built  ia  coiusesj  bat  in  other  respects  the  same  rules  are  to 
■served.  The  resistance  of  common  rubble  to  cmahing  is  not 
greater  than  that  of  the  mortar  which  it  contains;  it  ia 
fore  not  to  be  used  vhere  strength  is  required,  unless  built 
strong  hydraulic  mortar.  Its  chief  use  in  engineering  is  for 
walls. 

>.   Aaklar    ■■<  BIkIi-I^Cshth  tucked  wllh    BBbfelc — In  tbis 

}f  masonry  the  stones  of  the  ashlar  or  block-in-courf<e  face 
d  have  their  beds  and  joints  accurately  squared  and  dressed 

the  hammer,  or  the  point,  as  the  case  may  be  (see  Articles 
243,  pp.  384  to  386),  for  a  breadth  of  from  once  to  twice  (or 
1  average,  once  and  a-half)  the  depth  of  the  course,  inwards 

the  &ce;  but  the  backs  of  these  stones  may  be  rongL  The 
Ttion  and  length  of  the  headers  should  be  the  same  as  in 
r,  and  the  "  tails "  of  those  headers,  or  parts  which  extend 
the  rubble  backing,  may  be  left  rough  at  the  back  and  sides; 
lieir  npper  and  lower  beds  should  be  hammer-dressed  to  the 
'al  planes  of  the  beds  of  the  course.  These  tails  may  taper 
tly  in  breadth,  but  should  not  taper  in  depth. 
le  rubble  backing,  built  as  described  in  Article  244,  p.  386, 
d  be  carried  up  at  the  same  time  with  the  face-work,  and  in 
tea  of  the  same  depth,  the  bed  of  each  course  being  carefully 
id  to  the  some  pmie  with  that  of  the  ashlar  or  block-in-cooree 
B- 

estimating  the  labonr  or  cost  of  building  such  masoniy  as  is 

deacribed,  the  area  of  the  face,  multiplied  by  the  distance 
rds  to  which  the  dressing  of  the  joints  is  carried,  may  be  taken 
hlar  or  block-in-course,  as  the  case  may  be,  and  the  remainder 
bbla 

leae  oomMnations  of  masoniy  are  the  moet  generally  nsefol  in 
leering  worka;  and  they  are  especially  suitable  in  a  mechanical 
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point  of  view  where  the  pressure  is  concentrated  towards  the  face 
of  the  building,  as  in  retaining  walls. 

For  the  abutments  of  bridges  they  are  not  mechanicallj  suitable, 
because  the  pi'essure  is  concentrated  towards  the  back;  hntif  in 
any  bridge  coursed  rubble  is  strong  enough  to  resist  the  pressure 
at  the  back  of  the  abutments,  it  may  be  used  for  that  purpose, 
and  faced  with  block-in-course,  or  ashlar,  for  the  sake  of  appearance, 
and  of  protection  from  the  weather. 

Coursed  rubble  masonry  is  often  used  in  combination  with  ashlar 
quoins,  to  which  the  remarks  in  Article  242,  p.  S85,  are  applicable. 

247.  sirias  Coanes  onci  Copes. — A  string  course  is  a  oouise  of 
large  stones  slightly  projecting  beyond  the  face  of  a  buildiog,  and 
di^essed  and  built  like  ashlar  or  block-in-course,  as  the  case  maj  b& 
Setting  aside  its  architectural  appearance,  its  mechanical  use  is  to 
support  some  load  and  distribute  it  upon  the  masonry  below  it  For 
example,  when  a  coursed  rubble  or  block-in-course  wing-indl  or 
spandril  of  a  bridge  has  to  support  an  ashlar  parapet,  a  string 
course  must  first  be  placed  on  the  wall,  to  give  a  steady  base 
for  the  parapet,  and  to  distribute  its  weight  over  the  smaller  stones 
below. 

The  Cape  of  a  wall  consists  of  large  and  heavy  stones,  slightlj 
projecting  over  it  at  both  sides,  accurately  bedded  on  the  wall,  and 
jointed  to  each  other  with  hydraulic  mortar,  or  with  cement  Its 
use  is  to  shelter  the  mortar  in  the  interior  of  the  wall  from  th» 
weather,  and  to  protect,  by  its  weight,  the  smaller  stones  below  il 
fix)m  being  knocked  off  or  picked  out  Cope-stoues  should  be  «> 
shaped  that  water  may  rapidly  run  off  from  ijiem. 

Kough  rubble  coping  forms  an  exception  to  the  general  role  that 
laminated  stones  should  be  laid  with  their  layers  parallel  to  tbe 
beds  of  the  coui'sea  In  this  case  the  stones  are  very  often  set  aa 
edge,  with  their  layew  vertical,  and  perpendicular  to  the  length  of 
the  wall,  so  that  the  edges  of  the  layers  alone  are  exposed  to  the 
air,  at  the  top,  as  well  as  at  the  sides  of  the  cope. 

Additional  stability  is  given  to  a  cope  by  so  connecting  the  cope- 
stones  together  that  it  is  impossible  to  lift  one  of  them,  without,  at 
the  same  time,  lifting  the  ends  of  the  two  next  it  This  is  done 
either  by  means  of  iron  cramps  inserted  into  holes  in  the  stonefl, 
and  fixed  there  with  lead,  or  better  still,  by  means  of  douxU  d  xxo^ 
very  hard  and  strong  stone,  such  as  greenstone  or  granite.  These 
are  small  prismatic  or  cylindrical  blocks,  each  of  which  fits  into  a 
pair  of  opiK>site  holes  in  the  contiguous  ends  of  a  pair  of  cope- 
stones,  where  it  is  fixed  with  cement  or  hydraulic  mortar. 

Cast  iron  and  wrought  iron  dowels  are  also   used,  but  they 

are  inferior  in  durability  to  those  of  hard  stone,  though  superior 

*  strength.     Copper  dowels  are  strong  and  durable,  but  expoisivvL 
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Cnmps  or  dowels  m&j  be  used  in  striDg  courses,  or  k 
of  a  piece  of  masonry. 

FeDce-walls  are  sometimes  coped  with  sods,  or  with  cit 
(Article  206,  p.  3ii.) 

^@.  Pai>iiB|  a  piece  of  masoniy  consists  ia  scraping  tl 
fmm  the  outer  edges  of  tlie  joints,  at  the  face  of  the  bi 
UruM  the  point  of  the  trowel  will  reach,  and  filling  the 
made  with  mixed  cement,  or  with  hydraulic  mortar,  to 
noirtnre.     As  to  mixed  cement,  see  Article  231,  p.  374. 

In  sea-walls  exposed  to  hard  blows  &om  the  waves,  ce 
into  the  Joints  by  ordinary  pointing  is  apt  to  jump  out 
ud  it  ia  best  to  lai/  the  stones  in  cement  for  two  or  thi 
inwards  from  the  face  of  the  wall. 

2i9.  Vrr  ■!•««  Wall*  should  be  built  accoi'diug  to  the 
»lte«dy  laid  down  for  rubble  masonry  in  Articles  244, 
3K6,  387,  with  the  single  exception  that  the  mortar 
omitted.  It  in  often  advisable  to  make  the  cope  of  a  ' 
"ill  waterproof,  in  order  that  water  may  not  lodge  in  th( 
ibe  vail  and  force  the  stones  from  their  places  by  its  exp 
freeang.  In  such  cases  the  cope  may  be  made  of  ston 
*^ge,  and  jointed  with  mortar;  or  of  bituminous  concret 
23i,  p.  376);  or  if  great  cheapness  be  desired,  of  cla' 
(.Article  206,  p.  344.) 

If  a  dry  stone  wall  is  intended  to  be  perniaDeot, 
boulders  should  not  be  used  in  their  natural  condition  U 
bat  shonld  first  be  broken  into  flat  and  angular  pieces. 

Dry  stone  building  is  employed  for  fence-walls,  and  a 
&r  a  backiug  to  retaining  wails,  in  order  at  once  to  din 
pressure  of  earth  against  them,  and  to  drain  away  water  1 
it  escape  between  the  crevices  of  the  stones. 

It  is  also  used  in  retaining  walls  of  small  height,  and 
earthen  slopes  exposed  to  the  action  of  water  (Articl 
339;  and  Article  205,  p.  344);  and  in  the  latter  case  tl 
tlie  courses  are  laid  perpendicular  t«  the  direction  of  th 

250.  r^ihcar  af  Siaac-Hiuoarr-- — The  following  informs 
the  labour  required  to  execute  different  kinds  of  work 
with  Btone-masonry  in  given  chiefly  on  the  authority  of  Cfi 

KuBBLE  Stone,  one  cubic  yard.  Dmj'm  Wo 

Loading  barrows  with  stone o 

Wheeling  one  relay  =  about  1 00  feet  on  a  level,     o 
(As  in  earthwork,  each  foot  of  ascent  is  equi- 
valent to  six/eet  of  additional  distance.) 
Unloading  barrows, o 


n 
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As  to  mixing  mortar,  see  Article  229,  p.  373 ;  and  aa  to  Uie  pro- 
portions of  mortar  and  stone^  see  Articles  242  to  245,  pp.  385  to 
387. 

Dat*8  Work  of  a  Man  feb  Cuno  txn. 
Kinds  of  BuiLDnfQ.  Breaking     Stone-      i>^n^:«»  Labonen* 

StoneT    Cutting,     ^uading.     ^,^ 

Dry  stone, 0*64  —  ixk)  0*50 

Coursed  rubble, 0*64  —  0*90  0*90 

Block-in-course, 0*90  1-5  0*90  ego 

Block-in-course  arching, 0*90  2*25  0*90  0*90 

Ashlar  (soft  sandstone),  /  ^""^  "t*'        X^"         ^'°°        ''^ 

^  "(to...    2*50  O'OO  a-QO  2-00 

Facing  ashlar,  per  square  foot  (soft  sandstone) — 

Stroked  with  the  point,  005;  Droved,  0-07;  Polished,  0-10. 

Labour  of  breaking  and  stone-cutting  for  harder  stones — 

Hard  sandstone  =  soft  sandstone  X  2; 

Hard  limestone,  marble,  granite  =  soft  sandstone  X  from  3  to  4. 

Curved  facing  =  flat  X  (l  +      ,.   ^    ^   ,Y 

\        radius  in  feet/ 

Taking  down  old  masonry,  0*5  day*s  work  of  a  man  per  cable 
yard, 

251.  McchaBisHi  for  moTiBy  large  st«B«a^ — ^There  are  vsrioos 
ways  of  laying  hold  of  stones  that  are  too  heavy  to  be  moved  It 
hand,  the  most  usual  being  the  following : — 

I.  By  nippera  or  tongs,  the  claws  of  which  enter  a  pair  of  holei 
in  the  sides  of  the  stone.  Those  holes  should  be  situated  in  a 
horizontal  line  passing  through  or  a  little  above  the  centre  of 
gravity  of  the  stone. 

II.  By  a  single  iron  plug,  very  slightly  tapered,  and  drita 
tightly  with  the  hammer  into  a  vei-tical  cylindrical  hole  in  the  t(^ 
of  the  stone,  directly  above  its  centre  of  gravity.  At  the  TiR*f 
end  of  the  plug  is  an  eye,  to  which  the  chain  for  lifting  the  rtone 
is  hooked.  After  the  stone  has  been  laid  in  its  place,  a  few  sbup 
taps  given  sideways  with  the  hammer  loosen  the  plug.  'R^ 
method  answers  best  with  the  hardest  stones,  such  as  granite. 

III.  By  a  pair  of  iron  plugs,  inserted  into  two  holes  in  the  top 
of  the  st<me,  which  converge  towards  each  other  at  a  ri^t  angK 
being  inclined  in  opposite  directions  at  angles  of  46^  The  eyes  at 
the  upper  ends  of  the  plugs  are  attached  to  a  pair  of  chains,  which, 
when  the  stone  hangs  by  them,  are  at  right  angles  to  tbar 
respective  plugs,  and  meet  each  other  at  a  right  angle,  where  ther 
are  attached  to  the  lower  end  of  one  main  chain.     The  two  plu^ 
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tised  is  still  stiuiglit-edged,  but  the  edge  is  inclined  to  the  plumb* 
line  at  the  proper  angle  of  batter.  The  batter  of  a  wall  is  nsoalij 
described  by  stating  the  extent  of  deviation  from  the  vertical  in  a 
given  height ;  for  example,  "  one  in  twelve,"  or  "  one  inch  in  a  foot" 

"When  the  vertical  section  of  the  face  of  a  wall  is  to  be  currod, 
it  is  said  to  have  a  "  curved  batter,"  and  it  must  be  set  oat  bj 
means  of  a  ''  face-mould," — that  is  to  say,  a  narrow,  flat  boeid, 
having  one  of  its  edges  of  the  intended  figure  of  the  face  of  the 
wall,  and  having  a  straight  line  marked  upon  it,  which  is  set  trulj 
vertical  by  means  of  a  plummet.  Great  care  should  be  Ix  stowed  on 
preparing  the  face-moulds  of  important  pieces  of  masonr)';  in  some 
cases,  which  will  be  exemplified  farther  on,  every  course  of  stoDtt 
ought  to  be  marked  on  the  edge  of  the  mould. 

Large  face-moulds  are  sometimes  made  of  several  pieces  of  tim- 
ber framed  together. 

When  the  beds  of  the  courses  are  to  be  plane  and  level,  they  can 
be  set  correctly  by  the  level  and  common  straight-edge.  Wlien 
they  are  to  be  planes  having  a  given  slope,  a  rule  must  he  em- 
ployed having  two  straight  edges  inclined  to  each  other  at  such  an 
angle,  that,  when  one  edge  is  set  horizontal  by  the  spirit-level,  the 
other  has  the  proper  inclination.  If  the  beds  of  the  courses  are  to 
be  perpendicular  to  a  straight  or  curved  battering  face,  their  posi- 
tion can  be  set  out  and  tested  by  the  square. 

Curved  beds,  such  as  are  employed  for  some  special  puipows, 
require  the  use  of  suitably  curved  "  bed-moulds^ 

In  all  cases  in  which  economy  of  time  and  money  has  to  be 
studied,  the  engineer  should,  as  far  as  practicable,  avoid  corved 
figures  in  masonry ;  for  not  only  are  they  more  tedious  and  expen- 
sive to  set  out  and  to  build  than  straight  and  plane  figures,  bat  it 
is  more  difl5cult  to  test  the  accuracy  with  which  they  have  been 
executed.  A  single  glance  will  detect  the  smallest  appreciable 
inaccuiacy  in  a  wall  with  a  straight  batter,  while  the  same  proces 
in  the  case  of  a  wall  with  a  curved  batter  would  require  either  a 
long  series  of  measurements,  or  the  application  of  a  cumbrous  6ce- 
mould  to  various  parts  of  the  wall ;  and  this  becomes  a  matter  <*f 
serious  importance  in  large  structures,  where  errors  in  form  may 
affect  the  strength  and  stability. 

2d3.  ]fi€iMBniti«B  of  ninaonnr- — For  engineering  purposes,  qotfi- 
tities  of  the  rougher  kinds  of  masonry  are  stated  in  cubic  jarcH 
and  of  the  finer,  in  cubic  feet 

But  there  are  also  special  units  of  measure  for  masoniy,  sach  tf 
the  following : — 

A  rood  of  masonry  means,  when  applied  to  surface,  36  sqaire 
yards,  and  when  applied  to  volume,  36  square  yards  of  a  wall  of  • 
specified  thickness,   such  as   2   feet     In  estimating  a  boildio^ 
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icial  measure  of  tlie  face  is 
order  to  estimate  the  cost  of 
uperScial  roods  of  the  face  of 
iplied  bj  the  ratio  which  its 
npute  the  cubic  contents  in 
%  and  2  yards  thick  in  ortlnr 
exclusive  of  the  face.  This 
than  to  engineering  purposes. 

3n  of  Brickwork, 

354.  Gncni  PriHcipiH. — The  foUowing  principles  are  to  be  ob- 
•erved  in  building  with  bricks': — 

I.  To  reject  all  misshapen  and  unsound  bricks.     (See  Ariiicle 
220,  p.  366.) 

II  To  place  the  beds  of  the  courses  perpendicular,  or  as  nearly 
mdicular  as  possible,  to  the  direction  of  the  pressure  which 
have  to  bear;  and  to  make  the  bricks  in  each  course  breu.1: 
with  those  of  the  courses  above  and  below  by  over-lapping  to 
xtent  of  from  one  quarter  to  one  hslf  of  the  length  of  a  brick. 
L  To  cleanse  the  surface  of  each  brick,  and  to  wet  it  thcroughl y 
e  laying  it,  in  order  that  it  may  not  absorb  the  moisture  of 
lortar  too  rapidly. 

'.  To  fill  every  joint  thoroughly  with  mortar,  taking  care  at 
kme  time  that  the  thickness  of  mortav  shall  not  exceed  about 
iter  of  an  inch. 

order  to  prevent  the  use  of  too  great  a  thickness  of  mortur, 
usual  in  specifications  to  prescribe  a  certain  depth  which  a 
n  number  of  courses  of  brickwork  shall  not  exceed.  Foi- 
ple,  if  the  bricks  are  2J  inches  deep,  it  may  be  specified  that 
nurses  of  bricks,  when  built,  shall  not  measure  more  than  onu 
n  depth ;  a  condition  which  implies  that  the  average  thicknciia 
irtar  in  the  joints  shall  be  \  inch. 

To  use  no  "  bats,"  or  pieces  of  bricks,  except  when  absolutely 
Baty,  iu  order  to  make  a  "  closure,"— that  is,  to  finish  the  end 
ner  of  a  wall,  or  the  side  of  an  opening;  and  even  then,  to  use 
ece  less  than  half  a  brick. 

stating  the  length  and  breadth  of  masses  of  brickwork,  it  is 
to  employ  tho  length  of  a  brick  as  an  nnit  of  measure.     For 
pie,  if  bricks  are  used  which  build  to  9  inches  in  length, 
^  brick  means  4j  inches. 

1  „  H       9  inches. 

14     „  „       1  foot  14  inch. 

2  „  »       1  fotit  6  inches. 
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The  volume  o/moTtcar  required  for  good  biickwoik  is  about  oim* 
^fth  of  the  Yolurne  of  the  bricks. 

255.  Bond  im  Brickwork.— The  bricks  med  in  a  given  boildii^ 

1,1    1,11,1    l-rt-X^       \\    '        '    '        '    '       '  M 


Fig.  166.  Fig.  167. 

being  of  uniform  or  nearly  uniform  size  and  figure,  are  to  be  ImQt 
aooordiug  to  an  uniform  system,  which  is  called  the  bond  of  tbe 
brickwork. 

As  in  ashlar  masonry,  so  in  brickwork,  a  header  is  a  brick  irhom 
length  lies  pei'pendicular  to  the  face  of  the  wall;  a  <lnefesA«r,  one 
whose  length  lies  parallel  to  the  face  of  the  walL  As  the  leiM^ 
of  a  brick  is  almost  exactly  double  of  its  breadth,  one  stretcbBr 
occupies  the  same  area  on  the  face  of  the  waU  with  two  headers. 

I.  English  Bond,  which  is  considered  the  strongest  and  mast 
stable  arrangement,  consists  in  laying  entire  courses  of  headers  tsd 
of  stretchers  periodically,  as  in  fig.  166.  Sometimes  the  counesof 
headers  and  stretchers  occur  alternately;  sometimes  there  is  only  000 
course  of  headers  for  every  two,  three,  or  four  courses  of  stretchos. 
The  stretchers  tie  the  wall  together  lengthwise,  the  headers  croas- 
wise.  The  proportionate  numbers  of  the  courses  of  headers  and 
stretchers  should  depend  on  the  relative  importance  of  transvose 
and  longitudinal  tenacity.  {A,  M.,  202.)  The  proportion  ahovn 
iu  fig.  166,  of  one  course  of  headers  to  two  of  stretchers,  btfaat 
which  gives  equal  tenacity  to  the  wall  lengthwise  and  crossvise^ 
and  which  therefore  may  be  considered  the  best  in  ordinaiy 

In  a  factory  chimney,  the  longitudinal  tenacity,  which 
any  force  tending  to  split  the  chimney,  is  of  more  impoi*tance  thai 
the  transverse  tenacity;  therefore,  in  these  buildings,  it  is  advisiUe 
to  have  a  greater  proportion  of  stretchers,  such  as  three  or  fumr 
courses  of  stretchers  to  one  course  of  headers. 

In  building  brickwork  in  English  Bond,  it  is  to  be  home  in 
mind  that  there  are  twice  as  many  vertical  or  side-joints  in  s 
eoui'se  of  headers  as  there  are  in  a  course  of  stretchers ;  and,  there- 
fore,  that  unless  gi^at  care  is  taken  in  laying  the  headers  to  make 
these  joints  very  thin,  two  headers  will  occupy  a  little  more  length 
than  one  stretcher,  and  the  correct  breaking  of  the  joints,  to  ii» 
extent  of  exactly  a  quarter  of  a  brick,  will  be  lostw  This  is  often 
the  case  in  carelessly  built  brickwork,  in  which  at  intervals  verticsl 
joints  are  seen  nearly  or  exactly  above  each  other  in  sacoessi^ 
coui*scs. 


395 

er  and  a  stretolieT  ara  Idd 
ad  tlutt  the  outer  end  of 
etcher  in  the  course  .belov. 
inrse  is  the  same,  so  that 
if  the  jointB  by  a  quarter  of 
I  a  neater  appearance  than 
kind,  however,  vhen  cor- 
fee  and  more  stable  than 

>p  iron  are  sometimes  laid 
3  increase  its  longitudinal 
I  each  other;  and  the  ends 

it  down  at  right  angles  for 
,  and  inserted  into  vertical 
be  hoop  iron  lies, 
^n  needs  not  exceed  about 

18,  p.  388.) 

ece  of  brickwork  usually 
of  a  brick  at  the  face  and 
ed  to  support  the  weight 
liples  ali-eady  explained  in 

mi. 

t  string  contaes  ought  to 
o  ought  copea  built  with 
d  ia  sometimes  made  with 
at  purpose.  Stoue  string 
along  with  brick  building, 
re  required, 

!■■  special  care  must  be 
bed-joint  of  the  brickwork 
lints  of  the  brickwork  are 
ise  of  the  stone  qnoina,  any 
ill  cause  the  brickwork  to 
feet  of  which  will  b»  to  dis- 
dlding. 
wing  data  are  given  on  the 
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tliat  of  putting  np  "  centres/'  or  timber  frames  for  the  arclies  to 
rest  on  while  in  progress.  These  structures  will  be  considered 
further  on. 

262.  iiieBaaniti«a  of  Brickwork. — For  engineering  puiposes  in 
Britain,  quantities  of  brickwork  are  usually  computed  and  stated 
in  cubic  yards;  but  there  are  also  special  modes  of  stating  tliem, 
such  as  the  following : — 

Each  piece  of  brickwork  has  its  thickness  stated  in  bricks  asd 
half-bricks;  the  area  of  its  face  is  calculated:  from  that  area  is 
computed  the  area  of  a  wall  of  the  standard  thickness  of  one  hruk 
and  Orhdlfj  and  of  the  same  cubic  contents,  and  the  reduced  area  so 
obtained  is  stated  in  rods  of  30^  square  yards,  and  in  square  yards. 

A  rod  of  brickwork,  of  a  brick  and  a-half  thick,  if  each  brick  bo 
9  inches  long,  is  equal  to  11^  cubic  yards  very  nearly. 

Section  VII. — OfBuUresaes  and  Eelamxng  WalU, 

263.  The  SlablllCr  of  Blocks  oflSKn^onrj  and  Brickwork  in  ficwral 

{A.M.,  211)  depends  on  the  conditions  already  stated  in  Ar6ck 
139,  p.  220 — viz.,  that  of  staJbUity  of  position^  which  requires  that 
the  structure  shall  not  give  way  by  overturning;  and  thatof  ito- 
hUity  of  friction,  which  requires  that  it  shall  not  give  way  by  the 
sliding  of  one  course  upon  another;  and  those  two  conditions  ougtt 
to  be  fulfilled  aJt  the  bed-joint  of  each,  course. 

The  following  are  the  most  convenient  ways  of  expressing  these 
conditions  by  means  of  formulas  suitable  for  calculation : — 

I.  Stability  of  Position  is  insured  when  the  moment  of  the  force 
tending  to  overturn  the  mass  above  a  given  bed-joint  does  not  ex- 
ceed the  moment  of  stability  of  the  mass  of  masonry  above  that 
bed-joint. 

To  express  the  moment  of  stability  at  a  given  bed-joint  symholi- 
cally,  it  is  necessary,  in  the  first  place,  to  determine  the  greatest 
distance  to  which  the  "centre  of  pressure^*  or  "of  resistance"  a^ 
that  bed-joint  may  deviate  from  the  middle  of  lie  bed,  without 
endangering  the  stability  of  the  structure. 

Let  q  denote  the  greatest  safe  ratio  of  the  deviation  to  the  thick- 
ness of  the  masonry  at  the  given  bed-joint. 

In  flying  IvUresses,  and  piers  and  abtdments  of  arches  and  ot 
frames,  it  is  in  general  advisable  to  limit  q  according  to  the  nJ* 
already  given  for  rock  foundations.  Article  236,  p.  378— viz.,  ^ 
tliere  shaU  be  no  tension  at  any  point  of  the  bed,  the  pressure  beflg 
supposed  to  be  an  uniformly  varying  stress.  For  various  values  ct 
q,  see  Article  179,  pp.  294,  295.     The  value  of  most  common  occio*- 

rence  is  that  for  solid  rectangular  structures— viz.,  7  =  g* 
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the  pressure  of  earth  or  of 
Jaea  of  q  deduced  from  the 

.  engineen,  q=  '375  nearlj. 
I  engineers,  q  =  from  '3  to  '25. 
lining  the  greatest  value  of  ij 
■with  safety  from  crushing  of 
>n  that  the  inteDsity  of  the 
to  from  the  compressed  edge 
lortar  exerts  no  appreciahio 
distance  of  the  centre  of 
is  one-third  of  the  thickness 
ibuted.  (Seepp,  777&  780.) 
Let  R  be  the  total  presanre  at  the  given  bed-joint; 

(  the^^f^  \  °^  '''^  """^  °^  masonry  at  that  joint,  in  feet; 
f  the  greatest  safe  pressure  in  lbs.  on  the  sqnare  foot  (being 
about  one-eighth  of  the  crushing  pressure);  then 

J'  =  2B.-i-(s,-^q)bt;  and  therefore, 

1         2  R  ,,  ^ 

'  =  2-57'TX ^^-^ 

>  vnlne  of  g  having  been  fixed,  let 

denote  the  distance  from  the  middle  point  of  the  bed  to  the 
vhere  the  bed  is  cut  by  a  vertical  line  let  fall  from  the  centre 
ivil;  of  the  mass  of  masonry  above  it ; 

the  weight  of  that  mass;  and 

be  inclination  to  the  horizon  of  a  line  in  the  plane  of  the  bed, 

cting  the  limiting  position  of  the  centre  of  resistance  with  the 
dirwtly  below  the  centre  of  gravity  before  mentioned. 
en  the  moment  of  atahility  is, 

M  =  W  (y  ±:  r)  (  coaj; (2.) 

ign  <  _  i  being  nsed  according  as  the  centre  of  resistance, 
the  vertical  line  through  the  centra  of  gi^vity,  lie  towards 

e  following  -modification  of  this  expression  is  convenient  in 
aring  structures  of  similar  figures  and  different  dimensions:^ 
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Let  h  denote  the  keight  of  tlie  stnicture  above  the  middle  of  th« 
given  bed-joint,  6  the  breadth  of  that  bed  i  n  a  direction  peipendh 
cular  or  conjugate  to  the  thickness  t,  and  w  the  weight  of  an  unit 
of  volume  of  the  material     Then 

W  =  n'whbe, (3.) 

where  n  is  a  numerical  /actor  depending  on  the  Jigun  of  tbe 
structure,  and  on  the  angles  which  the  dimensions,  h^h^t  nttb 
with  each  other;  that  is,  the  angles  of  obliquity  of  the  co-ordioata 
to  which  the  figure  of  the  structure  is  referred.  Introducing  tlui 
value  of  the  weight  of  the  structure  into  the  formula  2,  we  find  the 
following  value  for  the  moment  of  stability : — 

M  =  «(5'=t:r)  cos  j'whb  ^ (4.) 

This  quantity  is  divided  by  points  into  three  factors,  viz. : — 

(1.)  n{q  z±i  r)  coaj,  a  numerical  factor,  depending  on  ^efym 
of  the  structure,  the  obliquities  of  its  co-ordinates,  and  the  <£red»OA 
in  which  the  applied  force  tends  to  overturn  it. 

(2.^  u),  the  heaviness  of  the  materiaL 

(3.)  hb  (^,  &  geometrical  factor,  depending  on  the  dimensioBs  d 
the  stinicture. 

Now  the  first  factor  is  the  same  in  all  structures  having  flgores 
of  the  same  class,  with  co-ordinates  of  equal  obliquity,  and  exposed 
to  similarly  applied  external  forces;  that  is  to  say,  to  all  strodtnres 
whose  figures,  together  with  the  lines  of  action  of  the  applied 
forces,  are  parallel  projections  of  each  other,  with  co-ordinates  of  efpid 
obliquity.  (See  Ai-ticles  101,  140,  pp.  150,  220.)  Hence  for  any 
set  of  structures  which  fulfil  that  condition,  the  moments  d 
stability  are  proportional  to 

The  heaviness  of  the  material ; 

The  height; 

The  breadth; 

The  square  of  the  thickness;  that  is,  of  the  dimension  of  the 
base  which  is  parallel  to  the  vertical  plane  of  the  applied  force. 

The  following  is  the  general  expression  for  the  momcBt, 
relatively  to  the  limiting  position  of  the  centre  of  resistance,  of  w 
externally  applied  force,  tending  to  overturn  the  mass  of  maBomy 
above  the  given  bed-joint. 

Let  P  denote  the  magnitude  of  that  force ; 

3  the  angle  which  its  direction  makes  with  the  horiaoQ  in  * 

direction  contrary  to  that  of  the  slope  J  of  the  bed; 

-^  x-L       _x'    1  T-  •  T_i.       J  (  of  its  point  of  application  fit* 
of  the  vertical  height,  and  I      ^^^  ^^^^  ^  ^^stMiic^  of  the 

y ,  the  horizontal  distance   j      |« . 
then  the  perpendicular  distance  of  P  from  the  centre  of  resbUnee  * 
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meat  is  given  by  the  follsv- 
;oilditioil,  that  ihti  mnimoiit 
y  of  the  maaoary  :— 
*)^M. (3.) 

vhen  the  resultant  pressure 

nlar  to  the  bed,  an  angle  not 

iterials. 

ele  110,  p.  172.) 

ssure  with  the  vertical  is 


a  is  given  hy  the  equation, 

j— i^«. (6.) 

jd  by  properly  adjusting  the 

MKW  wHk  HarliMilBl  ■««•. 

vertical  sectiou  of  a  buttress, 
ich  a  strut,  rib,  or  piece  of 
I  force  P  iu  a  given  erection 
7  be  stable,  it  must  fulfil  the 
horizontal  bed-joints.     Let 

it  the  buttress, 
lay  be  held  to 
cea  which  are 
E  under  con- 

lat  part  of  the 

E,  and  let  W 

.     Through   G 

r  the  direction 

lint  D  £  in  B; 

3  the  parallelo-       jig.  icg. 

sent  the  reault- 

e  part  of  the  buttress  above  ' 

it  of  the  resistance  at  that 

)sed.     A  R  being  produced, 

«  of  that  joint,  which  mutt 

limit,  that  the  condition  of 
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stability  of  position  may  be  fulfilled.  lu  order  that  tbe  condition 
of  stability  of  friction  may  be  fulfilled,  the  angle  A  F  B  must  not 
be  less  than  the  complement  of  the  angle  of  repose. 

In  expressing  this  algebraically,  it  is  to  be  observed  that 

and  consequently  that  equation  5  of  the  preceding  Article,  pi  399, 

becomes, 

P  {x*  cos  ^-y'  sm  0)  .^n{qdtir)whb  ^;  ..^...(1.) 
and  equation  6, 

P  cos  ^  ^  X         ^  /ax 

^tan^ (2.) 


n  to  hb  t  +  F  sin  ^  - 

By  means  of  these  fundamental  equations  the  following  problem 
are  solved : — 

I.  The  relation  between  the  weight  and  the  dimensions  of  the 
part  of  the  buttress  under  consideration  being  given  (in  other 
words,  the  factor  n  being  given),  it  is  required  to  find  the  least 
thickness  t  at  the  joint  D  £  consistent  with  stability  of  position. 

In  equation  1,  make  f/  =  W  "^  9)  ^'  ^^^  P^^  ~  instead  at  .^; 
then 

n  (y  +  r)  to  A  6  ^  =  P  (a'  cos  ^-  f  y  +  ^  j  <  adn  f ) 

To  simplify  the  form  of  this  quadratic  equation,  make, 

•D    '     ..A  l^+ o)  P  sin# 

_Pa_co^J_  ^  .    V_2/____  ^  j5 . 

n{q  +  r)whb    '^  2n{q -^  r)whb        ' 

then  it  becomes 

^=A-2B^ 
the  solution  of  which  is 

<=  ^(A  +  B«)-B (3.) 


II.  To  find  the  least  weight  of  material  above  the  point  G, 
sistent  with  stability  of  friction. 

The  greatest  obliquity  of  pressure  occurs  at  that  joint  whk^  is 
•   Immediately  below  the  point  of  abutment  C.     Let  h^  denote  the 
height  of  material  above  that  joint,  b^  the  breadth,  and   1^   the 
required  thickness;  then, 

»«*.^o«o  =  P  (si-""') (*•> 
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tress.  (A.  M.,  214.)— 
id  thickness  (  are  con- 
eight  of  the  top  of  the 


o,  because  the  centre  of 
I  is  vertically  abore  the 


These  Tallies  being  substitnted  ia  equation  3,  give  tbo  foUow- 
reanlte,  in  which  x  denotes  the  depth  of  the  ^se  of  the  wall 


(-D' 


ffw(Ao  +  a!)6'  2qw{lt^-i-x)b' 


-.  ^(A  +  B«)-B...(5.) 


a  the  depth  x  incresAef)  without  limit,  the  thickness  reqiured 
Jie  wall  approaches  the  following  limit: — 

'=^/(V^') (=•) 

;h  depends  on  the  horizontal  com^xiDent  of  the  applied  force 

apposing  this  value  to  be  adopted  for  the  thickness  of  the  but- 
I,  in  ortler  that  it  may  be  stable,  how  deep  soever  the  base  may 
)elow  the  point  C,  then  to  insure  stability  of  friction,  the 
ht  of  the  top  above  C  must  have  the  following  value : — 

h^-o  ( -^ijt-')  -  s2!<®jLi)  ^  /{  ?p  ^      (-7  \ 
*«-*'  dS^«^sr«  ~^in^^-  V  V^^^wiJ (^-^ 

lEtead  of  the  rectangular  mass  /tg  h  t,  there  may  be  anbstituted 
lataeU  of  the  same  weight,  and  of  any  figure. 

65.    WakUitr  •fBoUilBlKs  «■  BetMcBMiii  Walk  IB  Ooawal.  (A.M., 

.) — Figs.  169  and  170  represent  vertical  sections  of  retaining 
Is  against  which  banks  of  earth  abut.  In  each  figure  a  vertical 
T  of  the  masonry  and  of  the  earth  is  supposed  to  be  « 
Me  length  ia  unity.  D  E  is  the  base  of  the  layer  of  m; 
centre  of  resistance  of  that  base,  B  a  point  vertically  below  O",  the 
ae  of  gravity  of  the  weight  which  rest*  on  that  base,  AWa 
representing  that  weight,  A  P  a  line  representing  the  thrurt 
he  euth ;  A  R,  the  diagonal  of  the  parallelogram  A  P  R  W,  is  » 
2d 
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line  representing  the  resultant  pressure  at  the  base  'D'E,  and  coj 
that  base  in  the  centre  of  resistance  E. 


Fig.  1G9. 


Fig.  170. 


In  each  figure,  D  O  is  a  vertical  plane  traversing  the  inner  edge 
D  of  the  base  of  the  wall,  and  cutting  the  plane  of  the  surikoe  iji 
the  bank  in  O.     In  iig.  169,  the  whole  of  the  wall  lies  in  front  of 

that  vertical  plane;  so  that  the  weight,  represented  by  AW  (or  by 
W  simply),  which  rests  on  the  base  D  E,  consists  of  the  weight  o€ 
the  masonry  together  with  the  weight  of  tfte  mass  of  earthy  if  any 
(represented  by  O  L  M),  whicfi  is  vertlcaUy  above  thai  base;  and  G  is 
the  common  centre  of  gravity  of  the  compound  mass  of  maaom^ 
and  earth,  which  is  situated  in  front  of  the  plane  O  D. 

In  fig.  170,  on  the  other  hand,  a  part  of  the  masonry,  represented 
by  D  L  0,  lies  heldnd  the  plane  O  D.  If  the  prism  D  L  O  oonrasted 
of  earth,  its  weight  would  be  supported  by  the  earth  beneath  it ; 
therefore  the  earth  beneath  that  prism  exerts  a  pressure  vertically 
upwards  sufficient  to  sustain  the  weight  of  a  prism  of  earth  of  % 
volume  eqtial  to  that  of  the  prism  of  masonry;  therefore  the  weight 
rcf iresented  by  A  W  (or  by  W  simply),  which  rests  on  the  base  D  E^ 
consists  of  the  weight  of  the  masonry  in  the  vertical  layer  of  tha 
wall,  less  the  weight  of  earth  which  would  fill  D  L  O;  and  G  is  the 
common  centre  of  gravity  of  the  masonry  EDO  which  lies  before 
the  plane  O  D,  and  of  the  prism  D  L  O,  considered  as  having  a 
heaviness  eqiial  to  the  excess  of  the  heaviness  of  Truuonry  abom  CM 
ofeaHh, 

It  has  already  been  shown  in  Article  183,  Division  IV.,  pt  32? 
that  the  pressure  of  the  earth  against  the  vertical  plane  O  D  (whidi 
pressure  is  parallel  to  the  surface  of  the  bank,  and  represented  by 
A  P  or  by  P  simply),  is  equal  to  the  weight  of  the  prism  of  esrtL 
O  DK,  in  which  D  K,  parallel  to  the  surface  of  the  bank*  is  equal 
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and  for  brevity's  sake,  let 


to,  •  008  S 


6n{q  z±z  q)  to  cos*  J 
v>^[q  +  ^shi{^+j) 


.  =  6; 


then 


and  consequently 


4  n  (q  =4=  50  ^  c<>8*i 


S=«-2^l- <^' 


-  =  Ja  +  l^^h (4.) 


X 


The  inclination  of  the  resultant  A  R  to  the  vertical  is  given  by  the 
equation 

When  the  base  D  E  is  horizontal,  this  should  not  exceed  tlie  tangent 
of  the  angle  of  repose.  When  that  base  is  inclined  at  the  angle  j^ 
the  condition  of  frictional  stability  is  thus  expressed : — 

^WAR-i^(p'; (6.) 

^  being  the  angle  of  repose  of  the  foundation  of  the  walL 
The  object  of  giving  the  base  of  the  wall  an  inclined  positioa  s 

to  diminish  the  obliquity  of  the  pressure  on  it,  and  so  to  enable  tha 

condition  of  frictional  stability  to  be  fulfilled. 

As  to  the  values  of  q  in  practice,  see  Article  263,  pp.  396,  397. 

266.   SlablUtr  of  ITprlsht  Beciangnkur  Rciaialas  WaIIiu      {A.   M^ 

218.) — In  a  vertical  rectangular  wall,  n  =  1,  ^= 0,  j*=  0;  so  tfaat,  a 
equations  3  and  4  of  Article  265, 

t0.  COS  tf     ,  /        1\    •     a      i  r*  V 

'*="67^''^  =  *^i  V^"^2J®''   "^^^"^ f^-> 

Casb  L  When  the  surfeu^  of  the  bank  is  horizontalj  50  that '  ^  0^  ^ 
then 

l-sln^ 

^  1  -f  sm  f  ' 

and  the  proportion  of  the  thickness  of  the  wall  to  its  height  ia 


■ 


K  Ih.  materi.1  on  which  th.  wijl  „*,  i,  «,,  „„, 

•Hon  3,  „d  alteDdiog  lo  Ih.  fact  th.t  ' 

1.-1, -     ■"*>     _/  nn.  y  l-nin, 

*tain  the  equation 

9j^       /  Bin  *  \* 
2"  —  VT^S??^  


"?»»S  that  the  .pccUc  eravit;  of  the  arth  i.  four 
Sat,  TTI'  ^  "*,"''  -«**."•  tod  that  thi.  CO, 
^  for  the  ordinary  value  of  o,  3  ^  8,  ao  lone  as  »  ct^ 
M«n«,„n4uot  be  fulfilled  for5  =  3*8,.,a.ller 
«  be  delemined  by  the  following  Squation:— 


'   /  Bin  *  ss 


•trednerf  into  equation  2  lo  find  the  ratio  (*». 

f.  5.         °  '>  ""*"•  "f  "'<'  l«»k  »I«P«  at  the  . 
eft  then  Wj  =  to"  008  f,  and 


_('*.')" 


4y  w 


1»  tg.  171,  let  E  Q  reprerat  the  TeHical  face  J 
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angular  wall,  suited  to  sustain  the  thrust  of  a  given  bank,  and  let 

E  be  the  centre  of  resistance  of  the  base.    Make 

QTJ^  =  3  E~F  =  3  (o-  y)  t;  then  the  centre  of 

gravity  g  of  the  triangular  prism  of  masonry 
E  Q  N  will  be  vertically  above  the  centre  of 
resistance  E;  therefore  if  that  prism  be  removed, 
so  as  to  reduce  the  cross-section  of  the  wall  to  a 
trapezoid  with  a  battering  face  E  N,  the  podtionof 
the  centre  of  resistance  E  will  not  be  altered,  and 
the  wall  will  still  fulfil  the  condition  of  stability  cf 
position,  the  thickness  t  being  determined  as  for 
a  rectangular  walL  The  thic^ess  of  the  vail  at 
the  summit  is 

(3.-1).. 

The  tangent  of  ..s^  W  A  R  (the  inclination   of  the  resultant 

pressure  to  the  vertical)  is  increased  in  the  ratio  -  +  ~~  :  1;  so  that 

it  may  in  some  cases  be  necessary  to  make  the  base  slope  back- 
wards, as  in  fig.  170. 

266.    SinbllItT  •€  Battering  Walla  af  Valfana  TklckaeM.     (i.  M., 

220.)— When  a  vrah  for  sap- 
porting  a  horizorUal-topped  bank 
is  of  uniform  thickness,  and  has 
a  sloping  or  curved  face,  as  in 
figs.  172  and  173,  its  mcMnei^ 
of  stability  may  be  determined 
with  a  degree  of  accuracy  suffi- 
cient for  practical  purpoaeSjiB 
the  following  manner : — 

Let  E  Q  in  each  figure  repre^ 
sent  the  vertical  fiEice  of  a  rect- 
angular wall  of  the  same  heigbt 
X  and  thickness  t  with  the  pith 

posed  wall,  and  let  g  be  the  centre  of  gravity  of  that  rectangnkr 

wall     Then 

will  be  its  moment  of  stability  per  unit  of  length. 

Divide  the  area  E  Q  N  included  between  the  vertical  £ace  E  Q 
and  the  fact)  of  the  proposed  wall,  E  N,  by  the  height  x.     Tliai 


W 
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by  the  addition  of  a  counterfort,  and  dividing  the  som  by  the  jcant 
length  of  those  two  parts. 

For  example,  let  fig.  175  represent  a  portion  of  the  plany  or  iKoi- 
zontal  section,  of  a  vertical  rectangular  retaining  wall  vboee 
height  is  h,  with  a  row  of  rectangular  counterforts  of  the  sme 
height  with  the  wall  Let  <  =  F  E  be  the  thickness  of  a  put 
of  the  wall  between  two  counterforts,  and  5  =  E  D  its  leog^; 
let  T  =  A  B  be  the  thickness  of  a  oounterforted  part  of  thi  vail, 
including  the  counterfort,  and  c  =  B  C  its  length. 

The  moment  of  stability  of  the  first  part  is 

q  w  hb  t^ ; 
and  that  of  the  second  part, 

q  tJohcT^, 

Adding  together  those  moments,  and  dividing  their  sum  \y  the 
total  length  &  +  c  =  A  F,  the  mean  moment  of  stability  per  tnit  of 
length  is  found  to  be 

bfi  +  eT*  f.. 

This  is  the  same  vith  the  moment  of  stability  per  unit  d  kiigtk 
of  a  wall  of  the  uniform  thickness, 


Vf6<*  +  cTS)  „. 


which  may  be  called  the  equivalent  uniform  toaU. 

The  quantity  of  masoniy  in  the  oounterforted  wall  is  to  the 
quantity  in  the  equivalent  uniform  wall  in  the  ratio 

bt-hcT  :{b  +  c)t^, 

which  is  always  less  than  unity;  so  that  there  is  a  savin  d 
masonry  (though  in  general  but  a  small  one)  by  the  use  of  coulter" 
forts. 

270.  Sorchnrgcd  Rctainteg  utaIL — This  term  is  applied  to  a  rail 
for  supporting  a  bank  of  earth  which  rises  from  the  top  of  the  wH 
at  the  natural  slope  for  a  certain  height,  called  the  IieigJd  c^ 
surcharge,  beyond  which  it  is  horizontal.  The  thrust  of  sua  * 
bank  is  intermediate  in  amount  and  in  direction  between  thi  » 
a  horizon tal-topped  bank  and  that  of  a  bank  with  an  indefinfcelT 
long  natural  slope. 

The  following  formula  serves  to  compute  approximately  the 
thickness  of  an  upright  rectangular  retaining  wall  for  gappoiisg 
fiuch  a  bank : — 


of  the  wall, 

nistain  &  homont«]  tanV,  aa 
Article  266,  p.  405, 
lustoin  a  bank  with  an  inde> 
18  computed  by  equations  6  of 
)f  Article  265,  p.  404, 
le  aurchai'ged  wall ;  then 

-,  nearly. (I.) 

When  the  foot  of  the  slope  of  the  bank  rests  on  the  top  of  the 
wall,  neariy  above  the  centre  of  resistance  of  the  base,  the  follow 
ii:^  foimnla  may  be  ased : — 

3T1.  C*mMtmeU»m  •€  BMainiBi  'vtbII*.— The  foundation  courses  at 
ntaining  walls  have  their  width  increased  beyond  the  thickness  of 
the  wall  by  a  series  of  steps  is  front,  as  shown  in  figs.  171  and  174, 
the  objects  of  this  are,  at  once  to  distribute  the  pressure  over  » 
greater  area  than  that  of  any  bed-joint  in  the  body  ctf  the  wall,  and 
to  difitise  that  pressure  more  equally,  by  briuging  the  centre  of 
resistance  nearer  to  the  middle  of  the  base  than  it  is  in  the  body  of 
the  wall,  according  to  the  principles  already  explained  in  Section 
IV.  of  this  Chapter,  pages  377  to  382. 

The  body  of  the  wall  may  be  either  entirely  of  brick,  or  of  ashlar 
Sckedwith  brick  or  with  rubble,  orof  block-in-course  backed  with 
ibble,  or  of  coursed  rubble,  built  with  mortar  or  bnilt  diy.  Ab 
te  pressure  at  each  bed-joint  is  concentrated  towards  the  face  of 
le  wall,  those  combinations  of  masonry  in  which  the  larger  and 
ore  regular  stones  form  the  face,  and  sustain  the  greater  part  of 
le  pressure,  and  are  backed  with  an  inferior  kind  of  masonry, 
bosB  nse  is  chiefly  to  give  stability  by  its  weight,  are  well  suited 
r  ret&ining  walls  (see  Article  246,  p.  387),  special  care  beiog  taken 
at  the  back  and  foce  are  well  tied  togetlier  by  long  headei-s,  and 
at  the  beds  of  the  facing  stones  extend  into  the  wall  to  a  distance 
'  about  as  far  inwards  from  the  centre  of  pressure  at  tlie  base  of 
le  wall  as  that  centre  of  pressure  lies  inwards  from  the  face. 
Along  the  base  and  in  front  of  a  retaining  wall  there  should  run  a 
rait),  1^  that  at  the  foot  of  the  slope  of  a  cutting.  (See  Article  1 93, 
335.)  In  order  to  let  water  escape  from  behind  the  wall,  it  has 
oall  upright  oblong  openings  through  it,  called  "weeping-holes," 
hidi  are  usually  two  or  three  inches  broad,  and  of  the  depth  of  a 
■nne  of  masonry,  and  are  distributed  at  regular  distances,  an 
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ordinary  proportion  being  one  weeping-hole  to  every  4  Gqoan 
yards  of  face  of  walL 

The  back  of  a  retaining  wall  should  be  rough,  in  order  to  resist 
any  tendency  of  the  earth  to  slide  upon  it.  This  object  is  promoted 
by  building  the  back  in  steps,  as  exemplified  iu  fig.  169. 

In  retaining  walk  of  great  size,  both  back  and  face  may  beboilt 
of  block-in-course,  or  the  face  of  ashlar  and  the  back  of  block-io* 
coui'se,  the  "heart"  of  the  wall  being  of  coursed  rubble,  or  of  beton 
or  strong  conci'ete  laid  in  regular  courses  of  the  same  depth  wit^ 
those  of  the  face  and  back. 

When  the  material  at  the  back  of  the  wall  is  clean  suid  or 
gravel,  so  that  water  can  pass  through  it  readily,  and  escape  by  tlte 
weeping-holes,  it  is  onlv  necessaiy  to  ram  it  in  layers,  as  almdj 
described  in  Articles  198  and  200,  pp.  341,  342.  But  if  the  matedal 
is  retentive  of  water,  like  clay,  a  vertical  layer  of  stones  or  couse 
gravel,  at  least  a  foot  thick,  or  a  dry  stone  rubble  wall,  most  lie 
placed  at  the  back  of  the  retaining  wall,  between  the  earth  and  tk 
masonrv,  to  act  as  a  drain. 

A  catch  water  drain  behind  a  retaining  wall  is  often  useful  It 
may  either  have  an  independent  outfall,  or  may  discharge  its  mter 
through  pipes  into  the  drain  in  front  of  the  base  of  the  wall 

When  the  material  at  the  back  of  the  wall  is  of  a  loamy  descrip- 
tion, and  liable  to  be  reduced  to  quicksand  or  mud  by  saturation 
with  water,  and  there  are  no  means  of  preventing  such  saturatkni 
by  efficient  drainage,  one  way  of  making  provision  to  resist  tbe 
additional  pressure  which  may  aiise  from  such  saturation  is  to  ctl- 
culate  the  i^equisite  thickness  of  wall,  as  if  the  earth  were  a  flnidy 
making  ^  =  0  in  the  formulae. 

Another  way  of  providing  against  such  a  contingency  is  to  cob- 
struct,  sloping  against  the  back  of  the  wall,  a  bank  of  shiven  of 
stone  or  of  coai^se  gravel,  whose  angle  of  repose  is  not  affected  If 
the  presence  of  water,  and  then  to  fill  in  the  softer  matenaL  The 
pressure  against  the  wall  in  this  case  will  not  at  any  time  gita^f 
exceed  that  of  a  bank  of  the  firm  material  employed,  sloping  at  io 
own  angle  of  repose. 

The  subject  of  relieving  retaining  walls  from  pressure  by  theiid 
of  arches,  and  that  of  securing  their  foundations  by  special  oot- 
trivances  in  swampy  ground,  will  be  considered  further  on. 

The  cope  of  a  retaining  wall  should  consist  of  large  flat  ston^ 
laid  as  headers. 

272.  l^and  Ties  t^r  Bciaialn«  Walls. — Retaining  walls  hs^ 
to  bear  a  great  pressure,  while  they  rest  on  a  yielding  foundation, 
may  have  their  stability  increased  by  being  tied  or  anchored  ly 
iron  rods  to  vertical  or  nearly  vertical  plates  of  iron  imbedded  ffl 
a  firm  stmtiun  of  earth  at  a  distance  behind  the  wall  mSaio^ 
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274.  Rriieriim  Archn. — A  roT  of  arches  haTing  their  sxauJ 

the  faces  of  theii-  pien  at  right  angles  to  the  Cue  of  a  hink  <£ 

earth  are  caUed  "  relieving  arches,"  Thn* 

may  be  either  one  or  several  tien  of  tbaa, 

and  their  front  enda  may  be  cloeed  hj  t 

vertical  wall,  which  thus  presents  the  *|>- 

peatance  of  a  retaiuing  wait,  althon^  tin 

length  of  the  archways  is  such  ■■  to  pn- 

vent  the  earth  from  abutting  against  it 

Fig.   175  represents  a  vertical  trsnsra* 

section  of  such  a  wall,  with  two  tien  d 

relieving  arches  behind  it.     To  coin]nti 

the  length  of  a  relieving  arch  itvm  id 

^'B- 1-6.  clear  height,  or  its  clear  height  ftom  i» 

length,  the  following  approximate  formuUe  may  be  used,  in  whidi 

X  denotes  the  depth  of  the  crown  of  an  ai-eh  below  the  surfwe, 

i,  its  clear  height, 

I,  its  length,  and 

^,  the  angle  of  repose  of  the  earth. 


I  =  cotan  J  ( A  + 


(iT^i^V '"' 

A-?-tanji-jj^p^-^ (i) 

To  determine  the  conditions  of  sfAbility  of  snch  a  structnreMS 
whole,  the  horizontal  pressnrc  against  the  vertical  plane  0  D  luj 
be  determined,  and  compounded  with  the  weight  of  the  comUKd 
mass  of  masonry  and  earth  U  A  £  D  in  front  of  that  plane,  ^ 
find  the  resultant  pressure  on  the  base. 

In  soft  grotind  the  bases  of  the  piers  of  the   lowest  tier  ti 

relieving  arches  should  be  connected  by  means  of  inverted  Mth** 

^  J,  so  as  to  distribute  the  pre*- 

over  the    whole  »n» 

covered  by  the  atructart 


j^  lal    Anh«.— Fig.    176  r*- 

Fig.  176.  preaentsaplan,orhoriBni>' 

section,  of  part  of  a  row  of 
Iwittresses,  connected  by  horizontally  arched  walls. 

To  find  the  thickness,  T  =  D  E,  required  for  such  bnttr*««. 
let 

B  denote  A  B,  the  breadth  of  the  mass  of  earth  which  (■• 

buttress  has  Ui  sustain ; 
b,  the  breadth  of  the  buttress : 


HES  or  IU80 


Inquired  for 
h,  computed  i 


-"•p 
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I  and  Brick  A 

276.   OcBCnil  Stnclan  sf  Ankcs  mt  Smh.      {A 

■rd)  of  maaonry  contdata  of  a  sector  of  a  ring,  comp 
ge-formed  stooes,  called  arc/i-tltmeii  or  voua»oiri 
1  other  at  surfaces  called  bed-jointg,  which  arc,  o: 
jicnlar,  or  nearly  perpendicular,  to  the  soffit,  or 
toe  of  the  arch.  The  tiolfit  ia  also  called,  in  t 
^  the  intradot.  The  vord  exiradot  is  applied 
er  surface  of  the  ring  of  arch-stones;  aometin 
1  maaonry  or  bacting  above  them;  sometimes  to 
s  of  permanent  loading  material  (See  also  p. 
oQvez  surface  of  the  ring  of  arch-stones,  whicl 
led  surface  or  a  series  of  steps,  sustains  the  vi 
:  part  of  the  load  which  aidses  fi-oni  the  wc 
T  tlian  the  arch-stones  themselves ;  and  tfaiit 
rts  in  many  cases  a  horizontal  or  inclined  tl 
viriit  and  abulmaUa.  The  abutments  sustai 
;he  lowest  TOussoirs,  vertical  or  inclined,  as 
I  course  of  stones  from  which  an  arch  spri 
nging-etmne  or  skew-hack,  the  latter  term  bei 
«r  and  lower  beds  are  oblique  to  each  otbei 
1  apnogs  at  once  from  (he  ground,  so  that  its 
udationa. 

L  wall  standing  on  an  arch,  in  the  plane  of 
ed  a  tpandrii  tcalL  The  arch  of  a  bridge  r 
mal  tpandrii  vjallt,  one  over  each  /aoa  of  the 
veen  them  is  filled  np  to  a  certain  level  with  si 
ve  that  level  it  is  sometimes  filled  with  earti 
letimes  occnpied  by  a  series  of  internal  gpandri 
at«rnal  spandnl  walls,  and  having  vacan 
a-  *  mode  of  conslruction  favoutable  both  t 
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lightness.  In  order  to  form  a  continuous  platform  for  the  itAd- 
wa J,  the  spaces  between  the  internal  spandril  walls  are  sometimes 
covered  with  flags  of  some  strong  stone  (such  as  slate),  and  some- 
times arched  over  with  small  transverse  arches.  The  extenul 
spandril  walls  are  the  abutments  of  those  arches,  and  must  h&Te 
stability  sufficient  to  sustain  their  thrust :  when  the  spandrils  tie 
filled  with  earth  or  rubbish,  the  external  spandril  walls  must  hs^ 
stability  sufficient  to  withstand  the  pressure  of  the  filling  mateiiaL 

277.  Mwfnrf  of  Archefl — Backiag. — The  description  of  masonty 
used  for  ai'ches  is  either  ashlar  or  block-in-course ;  the  beds  being 
perpendicular  or  nearly  perpendicular  to  the  direction  of  the  thrust 
through  the  arch-ring,  and  the  side-joints  perpendicular  to  the  beds 
and  to  the  soffit  In  common,  or  square  arches,  in  which  the  axis 
of  the  archway  is  perpendicular  to  each  face  of  the  arch,  the  bed- 
joints  are  plane;  in  oblique,  or  skeuo  arches,  they  are  curved 
surfaces,  shaped  according  to  principles  which  will  be  explained  in 
a  later  article. 

The  principles  according  to  which  the  masonry  of  arches  is  to  be 
built  are  in  other  respects  the  same  with  those  already  explained  ui 
Ai-ticles  242  and  243,  pp.  384  to  386.  Special  care  is  to  be  takea 
to  cut  and  lay  the  beds  of  the  stones  accurately,  and  to  make  the 
bed-joints  thin  and  close,  in  order  that  the  anji  may  be  strained 
as  Uttle  as  possible  by  settling.  To  insure  this,  some  engineers  have 
caused  arches  to  be  built  diy,  grcmJt  or  liquid  mortar  being  after- 
wards run  into  the  joints ;  but  the  advantage  of  this  meUiod  is 
doubtful.  Othei*s  have  placed  sheets  of  lead  in  the  bed-joints,  to 
distribute  the  pressure  between  the  stones. 

The  hacking  of  an  arch  consists  of  block-in-course,  oooised 
rubble,  or  random  rubble,  and  sometimes  of  concrete.  When  the 
backs  of  the  arch-stones  are  cut  into  steps,  the  backing  is  built  in 
courses  of  the  same  depth  with  those  steps,  and  thus  bonded  with 
theuL  Sometimes  the  backing  is  built  in  radiating  courses,  whose 
beds  are  prolongations  of  the  bed-joints  of  the  arch-stonesL  Both 
these  methods  are  favourable  to  strength  and  stability. 

The  height  to  which  the  solid  backing  should  be  biult  is 
regulated  by  principles  which  will  be  explained  in  subsequflit 
articles. 

The  upper  surface  of  the  backing,  and  of  that  part  of  the  arch,  if 
any,  near  the  crown,  which  is  without  backing,  is  coated  with  a  layer 
of  waterproof  material,  such  as  day  puddle  (Aiticle  206,  pi  344^ 
mixed  cement  (Article  231,  p.  374),  or  bituminous  ooncxete 
(Article  234,  p.  376);  the  last  being  the  best  Any  rain-wstff 
which  penetrates  the  structure  above  the  arch  flows  to  the  vslfen 
or  lowest  ()arts  of  this  coating,  whence  it  is  carried  away  by  tubes 
or  other  convenient  outlets. 
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below  it,  BO  as  to  remove  the  support  from  below  every  part  of  the 
arch  at  once.  An  improved  kind  was  first  introduced  by  Hartley, 
in  which  each  lagging  is  supported  upon  the  ribs  by  wedgei  or 
screws  of  its  own,  so  that  the  support  can  be  removed  from  tbe 
arch-stones  course  by  course,  and  replaced  in  the  event  of  tbe 
settlement  proving  too  rapid. 

The  centre  of  an  arch  should  not  be  struck  until  the  solid  put 
of  the  backing  has  been  built,  and  the  mortar  has  had  time  to  set; 
and  when  an  arch  forms  one  of  a  series  of  arches,  with  pkrs 
between  them,  no  centre  should  be  struck  so  as  to  leave  a  pier 
with  an  arch  abutting  against  one  side  of  it  only,  unless  the  pier  k 
what  is  tenned  an  ''abutment-pier;**  that  is,  a  pier  wliidi  baa 
sufficient  stability  to  act  as  an  abutment. 

280.  liiiie  •f  Pmmives  in  «a  Arch— CoBdatoa  m€  fUabllltr*    (^*  ^'t 

224.) — If  a  straight  line  be  dmwn  through  each  bed-jomt  of  tbe 
ai*ch-ring,  representing  the  position  and  direction  of  the  resultant  of 
the  pressure  at  that  joint,  the  straight  lines  so  drawn  form  a  poly- 
gon, and  each  of  the  angles  of  that  polygon  is  situated  in  the  line  cf 
action  of  the  resultant  external  force  acting  on  the  arch-stone  whicb 
lies  between  the  pair  of  joints  to  which  the  contiguous  sides  of  the 
polygon  correspond;  so  that  the  polygon  is  similar  to  a  polygoul 
frame,  loaded  at  its  angles  with  the  forces  which  act  on  ^e  ardi- 
stones  (their  own  weight  included).  A  curve  inscribed  in  that 
polygon,  so  as  to  touch  all  its  sides,  is  the  line  of  preseuret  of  the 
arch.  The  smaller  and  the  more  numerous  the  arch-stones  into 
which  the  arch-ring  is  subdivided,  the  mora  nearly  does  the  yAy 
gon  coincide  with  the  curve;  and  the  curve  or  line  of  pressom 
represents  an  ideal  linear  arcJi^  which  would  be  balanced  under 
the  continuously-distributed  forces  which  act  on  the  real  arch  under 
consideration.  From  the  near  approach  of  this  linear  arch  to  tbe 
polygon  whose  sides  traverse  the  centres  of  resistance  of  the  bed- 
joints,  the  points  where  the  linear  arch  cuts  those  joints  may  be 
taken  without  sensible  error  for  the  centres  of  resistance. 

Now  in  order  that  the  stability  of  the  arch  may  be  secure,  it  is 
necessary  that  no  joint  should  tend  to  open  either  at  its  outer  or  it 
its  inner  edge ;  and  in  order  that  this  may  be  the  case,  the  centre 
of  resistance  of  each  joint  should  not  deviate  from  tbe  centre  of  tbe 
joint  by  more  than  one-sixth  of  the  depth  of  the  joint;  that  is  to 
say,  the  centre  of  resistance  should  lie  within  the  tniddUtMrdd 
the  depth  of  the  joint;  whence  follows  this 

Theorem.  The  stability  of  an  arch  is  secure,  if  a  Unear  ardt 
bal-anced  under  the  forces  which  a>ct  en  the  real  archj  can  be  dms» 
within  the  middle  tldrd  of  the  depth  of  the  arch-ring.  It  is  throat^ 
this  theorem  that  the  principles  of  the  stability  of  ideal  linear 
arches  or  ribs,  already  explained  in  Article  132,  p^  202,  and  tbi 
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tension  ttb  B  and  throat  at  6,  to  be  applied  at  the  springing.  Ibe 
pair  of  couples  thus  introduced,  being  equal  and  opposite,  do  not 
alter  the  equilibrium,  their  only  effect  being  to  tranter  the  Hm  of 
pressures  from  the  intrados  or  ideal  rib  A  0  B  to  a  line  aeb,  whose 
perpendicular  distance  0  c  from  the  intrados  at  any  pomt  is 
inversely  as  the  thrust  along  the  rib  at  that  point  Then  iSaeh 
lies  within  the  middle  third  of  the  arch-nng,  the  ideal  rib  A  C  B 
is  of  a  suitable  form  for  the  intrados. 

The  process  may,  if  required,  be  commenced  by  making  B  i  not 
less  than  one-third  of  the  depth  of  the  arch  at  the  springing,  Hiat 
depth  having  first  been  fixed  with  due  regard  to  the  conditioos  of 
resistance  to  crushing,  which  will  be  considered  further  on. 

282.   IJm»  of  Bqnillbnited  or  TranBronacd  Cateaair  ArclMtb— Tha 

transformed  catenary  has  already  been  fully  described  in  Article 
131,  pp.  200  to  202.  When  used  for  the  intrados  of  an  arch,  itii 
commonly  called  the  "curve  of  equilibrium.*'  It  is  suited  for  the 
support  of  any  load  whose  pressiure  is  wholly  vertical,  and  whon 
extrados  is  either  a  horizontal  plane  coinciding  with  the  dirtatns 
O  X  of  the  transformed  catenaiy  (fig.  113)>  or  another  tranafonoel 
catenary  having  the  same  directrix. 

When  the  method  of  Article  281  is  applied  to  an  intrados  d 
this  figure,  the  resulting  curve,  a  c  5  of  fig.  177,  is  simply  the  sum 
curve  shifted  vertically  upwards  through  the  height  A  a. 

In  making  use  of  the  transfoimed  catenary  in  practioe,  there  are 
usually  given,  the  directrix,  the  crown  of  the  arch,  and  the  points 
from  which  it  is  to  spring.  Fix)m  these  data  the  moduhu  m  is  to 
be  computed  by  means  of  equation  4  of  Article  131,  p^  202;  iimI 
then  the  vertical  ordinate  y  from  the  directrix  at  any  given  hori* 
zontal  distance  x  from  the  crown  of  the  arch  is  given  hj  ^ 
formula, — 


y=|(«-'+«-i); (1) 


in  which  ^q  is  the  depth  of  the  curve  of  the  arch  below  Ae 
directrix.     (See  table,  Article  298,  p.  436.) 

In  applying  the  formulae  (3)  of  Article  131,  p.  202,  to  tills  ach, 
thrust  is  to  be  read  instead  of  tension;  and  the  symbol  «?  is  to  be 
understood  to  stand  for  the  load  per  8^[uare/oot  of  the  verfieal  m^ 
between  the  intradoe  and  the  directrix. 

For  example,  let  B  denote  the  breadth  of  tho  arch,  or  length  of 
the  archway,  in  feet;  let  w^  be  the  weight  of  a  cubic  foot  of  tbe 
masonry;  let  the  extrados  be  a  transformed  catenary,  each  of  wiicee 
ordinates,  measured  from  the  directrix,  is  equal  to  the  correspood- 
ing  ordinate  of  the  intrados  multiplied  by  a  fraction  n;  and  M 
^  fraction  k  be  the  ratio  of  the  volume  of  solid  boilding  io  ^ 
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Fig.  178. 


centres^  and  D  another.     About  D,  with  the  radius  D  E  =  F  A 

—  B  D,  describe  a  circular  arc,  and  about  C 
with  the  radius  C  E  =  C  F,  describe  another 
circular  arc;  let  E  be  the  point  of  intenectkm 
of  those  arcs;  this  will  be  a  third  centre;  and 
two  more  centres  will  be  similarly  situated  to  D 
and  E  with  respect  to  the  other  half-aicL 

Then  about  C  with  the  radius  C  A,  draw  tk 
circular  arc  A  G  till  it  cuts  C  £  produced  in  6; 
about  E,  with  the  radius  E  G  =  F  A,  draw  the 
circular  arc  G  H  till  it  cuts  E  D  produced  inH; 
about  D,  with  the  radius  D  B,  draw  the  drcolar 
arc  H  B.  This  completes  one  half-arch,  and  the 
other  is  drawn  in  the  same  manner. 

The  curve  thus  described  &11S  a  little  beyond 
the  true  hydrostatic  arch  at  G,  and  a  little 
within  it  at  H. 

To  give  the  greatest  possible  security  to  a  hydrostatic  ardi, 
especially  if  the  span  is  great  compared  with  the  rise,  the  backing 
ought  to  be  built  of  solid  rubble  masonry  up  to  the  level  of  tha 
crown  of  the  extrados,  before  the  centre  is  struck. 

Many  semi-eUiptic  arches  may  be  treated  as  approidmate  hydro- 
static arches.  In  fact,  many  of  the  arches  called  semi-elliptic  ap- 
proximate more  nearly  to  the  figure  of  the  hydrostatic  arch  thanu> 
that  of  the  true  semi-ellipse.  The  true  semi-ellipse  of  a  given  spUL 
and  rise  differs  from  the  hydrostatic  arch  by  being  of  somewhat 
sharper  curvature  at  the  crown  and  springing,  and  somewhat  flatter 
curvature  at  the  haimches,  and  by  enclosing  a  somewhat  less  are^ 

284.  iTae  •r  the  CtoMiaac  Arch. — The  derivation  of  the  figure  of 
this  arch,  by  transformation  from  that  of  the  hydrostatic  ardi,  and 
most  of  its  properties,  have  been  explained  in  Article  137,  pp.  31S» 
213.  The  following  problem  only  remains  to  be  solved.  Given  in 
It  geostatic  arch,  the  rise  a,  the  half-span  «,  and  the  depth  of  load  at 
the  crown  x^;  it  is  required  to  find  the  proportion  e,  which  tha 
half-span  and  other  horizontal  dimensions  bear  to  the  correspond* 
ing  dunensions  of  a  hydrostatic  arch  whose  vertical  dimensions  aia 
the  same : — 


Make 


=..e 


ft  +  a\z        _  .  -  , 
1  ;  and  f/i^b  —  -«v.     :  then 


30  a ' 


c  ^  —  nearly. 


This  method  may  be  applied  to  those  MmirdUptic 
axe  not  approximate  hydrostatic  archcoi 
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paiallftl  to  the  intndos,  being  kept  in  eqtdlibrio  by  the  latenl  pro- 
sore  between  the  arch  and  its  spandril  and  abatment 

From  the  joint  of  rapture  C  to  the  crown  A,  the  figure  of  ilio 
tme  line  of  pressores  is  determined  by  the  condition,  that  it  ahall 
be  a  linear  arch  balanced  nnder  vertical  forces  only ;  that  is  to  sst, 
the  hotiaontal  component  of  the  throat  along  it  at  each  pomt  ii 
a  ooostant  qoantity,  and  eqoal  to  the  horizontal  component  of  the 
throat  along  the  arch  at  the  joint  of  roptore. 

That  horiaontal  throat,  denoted  by  H^,  is  found  in  sohisg 
Problem  lY.,  Article  138,  p.  215,  and  is  the  horizontal  throstdT 
the  entile  arch. 

[If  the  ardi  is  distorted,  conjugate  tlirust  is  to  be  read  instead  of 
^  horimmial  thrus^**  wherever  that  phrase  occurs.1 

The  only  point  in  the  line  of  pressores  above  the  joints  d 
roptore  which  i%  is  important  to  determine,  is  that  which  is  it 
the  crown  of  the  arcli,  A;  and  it  is  found  in  the  following mlB- 
Ilor^— 

Find  the  centre  of  gravity  of  the  load  between  the  joint  of 
roptore  C  and  the  crown  A;  and  draw  through  that  centre  of 
gravity  a  vertical  line. 

ThBXk  if  it  be  possible,  from  one  point,  such  as  M,  in  that  TCfticfl 
line,  to  draw  a  pair  of  lines,  one  pat^allel  to  a  tangent  to  the  soffit 
at  the  joint  of  rupture,  and  the  other  parallel  to  a  tangent  to  the 
soffit  at  the  crown,  so  that  the  former  of  those  lines  shall  cot  the 
joint  of  rupture,  and  the  latter  the  keystone,  in  a  pair  of  pciBti 
which  are  both  within  the  middle  third  of  the  depth  of  the  arch- 
ring,  the  stability  of  the  arch  will  be  secure;  and  if  the  fint  p(HBi 
be  the  point  of  rupture,  the  second  will  be  the  centre  of  resistaiM 
at  the  crown  of  the  arch,  and  the  crown  of  the  true  line  of  pres- 
•UToa 

When  the  pair  of  points  related  to  each  other  as  above  do  ool 
fall  at  opposite  limits  of  the  middle  third  of  the  arch-ring,  tiicff 
exact  positions  are  to  a  small  extent  uncertain;  but  tlttt  va- 
certainty  is  of  no  consequence  in  practice.  Their  most  pio* 
bable  positions  are  equi-distant  from  the  middle  line  of  tfci 
arch-ring. 

Should  the  pair  of  points  fall  beyond  the  middle  third  of  ^ 
arch-ring,  the  depth  of  the  arch-stones  must  be  increased. 

286.  Clrcnlar  Arch*  not  leM  than  a  ^mdnuil. — In   applying  tit 

principles  of  the  preceding  article  to  an  arch  whose  intrados  0  tt 
arc  of  a  circle,  it  is  necessary  to  modify  the  equations  9  and  11  of 
Article  138,  Example  IV.,  p.  217,  in  order  to  take  into  accoost 
the  weight  of  a  given  portion  of  the  ring  of  arch-stones,  as  ^ 
tinguished  from  that  of  the  material  which  rests  upon  it  O* 
reittlts  are  as  followB :-— - 
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In  most  of  the  examples  of  circular  arches  which  occur  in  pno- 
tice,  the  angle  of  rupture  lies  between  45°  and  55^;  so  that  if  thd 
squared  backing  is  carried  up  to  that  part  of  the  arch  whicK  is 
inclined  at  an  angle  of  45°  to  the  horizon,  its  height  will  be  snffi- 
dent,  at  least. 

It  further  appears,  by  trial,  that  the  following  approximate  rale 
seldom  errs  by  so  much  as  one-twentieth  part  in  giving  the  hrto- 
xontal  thrust  of  the  arch. 

l^ie  horizonial  thrust  U  nearly  equal  to  the  weight  tupporlei 
between  the  crown  and  tJuU  part  of  the  soffit  wJiose  indination  is  iS^l 
or  in  symbols. 

Ho  nearly  =  wW  (-0044  r'  +  -7071  c)  +  -3927  w  (r'* - r2)....{4.) 

Thus,  in  ^g.  180,  let  A  0  B  represent  one-half  of  a  circnkr 
mrch,  O  being  the  centre  of  the  intrados  and  O  A  its  radius,  =  r ; 

let  O  P  =  /,  P  U  =  c;  U  V  being  tlw 
horizontal  platform.  Draw  OOF,  mstk* 
ing  the  angle  A  O  0  =•  45**  with  the  Tcrti- 
cal ;  then  the  horizontal  thrust  of  the  arch 
will  be  nearly  equal  to  the  weight  of  the 
mass  A  0  F  V  IT,  which  lies  between  the 
joint  0  F  and  the  crown.  The  point  P 
is  that  up  to  whose  level  it  is  advisable  to 
build  the  backing  solid,  or,  at  all  events, 
to  bond  and  joint  it  in  such  a  manner  that 
it  shall  be  capable  of  transmitting  a  hoii- 
zontal  thrust.  Draw  F  T  horizon^ ;  then 
PT=-7071OP. 

287.  scaMiitj  •€  «■  itmI— <cdi  Arch-Rte«. — ^Before  the  centre  of 
an  arch  is  struck,  the  spandril  walls  (or  spandril  filling,  as  the  case 
may  be)  should  be  built  to  such  a  height  that  the  part  of  the  arch- 
ring  near  the  crown,  which  is  left  for  the  time  unloaded,  diall 
fulfil  the  condition  of  stability  which  consists  in  having  the  line  of 
pressures  within  the  middle  third  of  its  thickness,  when  under  itt 
own  weight  alona  The  exact  investigatiou  of  this  question  b 
very  complex,  and  it  is  unnecessary  to  give  it  here  in  detaiL  An 
approximation  sufficiently  accurate  for  practical  puipoaes  is  as 
follows : — 

Make  the  depth  of  the  lowest  point  qfthe  extradoe  of  the  fodceuU 
aire  below  its  highest  point  a  mean  proportional  between  the  thiekmas 
qfthe  aarch  and  the  radius  of  the  intrados. 

That  is  to  say,  in  fig.  180  (last  Article)  make 


Fig.  180. 


PQ  =  ^PAA0  =  JTTT^i. 


a) 


-DEPTH  or  KETBTO 


MM. — In  tbis  case 
d  exactly  aa  in  the  i 
in  conipnting  the 
eight  of  a  half-arcl 
it  of  the  inclinatii 
'S- 

IriJs  of  aroheB,  are  i 
1  walls.  The  diat, 
f  be  from  three  to 
ciivre  L>i  i^be  spaudril  walla. 
—To  determine  with  prec 
I  required  for  the  keystone  of  an  arch  by  direct 
the  principles  of  stability  and  strength,  would  be  i 
kcticable  problem  from  its  complexity.  That  depth 
'  times  greater  than  the  depth  necessary  to  resist 
big  action  of  the  thrust.  The  proportion  in  which 
of  the  best  existing  examples  has  been  calculated, ; 
age  from  3  to  70.  The  smaller  of  these  factors  mi 
r  on  the  ^de  of  boldness,  and  the  latter  on  the  ude  o 
medium  values  are  those  ranging  from  20  to  40. 
e  in  practice  b  to  assume  a  depth  for  the  keystone 
t  empirictil  role,  founded  on  dimensiooB  Of  good 
pies  of  bridges, 
e  following  is  such  a  rule : — 
r  Ae  depth  of  the  heytUme,  take  a  tman  proportionaH 
t  of  curvature  qf  the  iidradot  at  the  ovum,  tmd  a 
valua  are, 

for  a  ringls  arch,.... 'ta  fo 

for  an  arch  forming  one  of  a  series, '17     , 

&t  is  to  say,  in  symbols, 

ptii  of  key^ne  for  a  dngle  arch, 


infeet  =  ^(-12Xradinsat  ciown^ .. 
ptii  of  keystone  fbr  an  arch  of  a  series 

in  feet  =  J  (-17  X  radios  at  crown). .. 
e  foUowing  we  examplea;— 
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RADIC78  AT 

Single  Arches.  Crowx. 

Feet. 

Bridge  over  the  Severn,  at  Glouces- 
ter (by  Telford);  elliptic  arch; 
span  150  feet;  rise  35  feet^ 160*7 

Bridge  at  Turin,  over  the  Dora 
Riparia  (by  Mosca);  arch  seg- 
mental; span  147 '6  feet;  rise 
18  feet, 160 

Grosvenor  Bridge,  over  the  Dee, 
at  Chester  (by  Hartley  and 
Harrison) ;  segmental  arch ;  span 
200  feet;  rise  42  feet, 140 

Ordinary  bridge  over  a  double  line 
of  raUway;  eUiptic  arch;  span 
dO  feet;  rise  7  feet  6  inches, 30 


DkPTH  OP  KlTllOtt 


CalcQlated 
FeeL 
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Abches  m  Series. 

Bridge  over  the  Thames,  near 
Maidenhead  (by  L  K.  Brunei); 
arch  (of  brick  in  cement)  nearly 
elliptic;  span  128  feet;  rise 
24-25, 

London  Bridge  (by  Sir  John  Ron- 
nie); elliptic  arch;  span  152 
feet, 

Bridge  of  Neuilly  (by  Perronet) ; 
basket-handle  arch;  span  39 
metres  =  128  feet  nearly;  rise 
9*75  m^ti'es  =  32  feet  nearly,... 

Bridge  of  St  Maxence  (by  Per^ 
i-onet);  segmental  arch;  span 
about  76*7  feet;  rise  about  6*4 
feet, 

Waterloo  Bridge  (by  Rennie); 
elliptic  arch;  span  120  feet;  rise 
32  feet, 

Ballochmyle  Bridge,  over  the  Ayr, 
(by  MUler);  semicircular  arch; 

rQ  181  feet;  rise  90*5  feet,  ... 
Bridge,  near  Edinburgh ;  seg- 
mental arch;  span  90  feet;  rise 
30  feet, 
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abutment  where  the  foundation  is  firm,  and  the  height  from  wtidt 
the  arch  springs  is  moderate.  One  of  the  best  examples  is  tiiA 
Grosvenor  Bridge  at  Chester.  The  real  face  of  such  an  abutment 
is  a  continuation  of  the  intrados  of  the  arch,  and  its  back  is  a  con- 
tinuation of  the  extrados  of  the  solid  spandril  backing,  irki^ 
ought  to  be  built  in  radiating  courses  also;  but  the  custom  i^ift 
violation  of  good  taste,  to  disguise  the  real  structure  bj  means  of  a 
casing  of  masonry  with  vertical  and  horizontal  jointa 

292.  Yeriicai  AbatnieBts  depend  for  their  stability  on  the  aune 
principles  which  regulate  that  of  buttresses,  and  which  have  been 
fully  explained  in  Articles  263  and  264,  pp.  396  to  401.  Hie 
points  to  be  chiefly  attended  to  are,  that  if  there  is  any  horismtii 
thrust  through  the  spandril,  the  part  of  the  abutment  abort  the 
springing  of  the  arch  shall  have  sufficient  weight  to  resist  hf 
friction  the  tendency  to  sliding  produced  by  that  thrust;  thit 
above  the  bed-joint  next  below  the  sjiringing  of  the  ardi,  tlie 
weight  of  material,  including  that  of  the  half-arch  itself  wiiii  iti 
load,  shall  produce  friction  enough  to  resist  the  whole  thrust  of 
the  arch,  whether  exerted  through  the  spandrils  or  at  the  spring 
ing;  and  that  the  centre  of  rctsistance  at  the  base  of  the  abatnent 
shall  not  deviate  from  the  centre  of  the  base  by  more  than  the 
proper  fraction,  q,  of  the  thickness  of  that  base.  (See  Article 
263,  p.  396,  and  Article  179,  pp.  294,  295.) 

It  is  highly  advantageous,  in  point  both  of  stability  and  eooDOinjf 
to  build  abutments  with  hollows  in  them,  or  with  narrow  ai^ 
ways  passing  through  them,  perpendicular  to  the  main  arehmji 
which  the  abutments  support.  These  archways  should  have  is* 
verted  arches  at  the  bottom,  to  distribute  the  load  over  as  laigea 
base  as  possible.  The  hollows  or  archways  may  occupy  about  one- 
third  of  the  whole  volume  of  the  abutment. 

When  an  arch,  as  in  fig.  179,  p.  421,  has  a  joint  of  rapture  foA 
as  C,  the  part  of  the  arch  below  that  joint,  together  witii  iti 
spandril  backing  and  the  load  directly  resting  on  it^  may  1* 
considered  as  forming  part  of  the  abutment 

In  some  of  the  best  examples  of  bridges,  the  thickness  of  the 
abutments  ranges  from  one-third  to  one-J^fth  of  the  zadini  of 
curvature  of  the  arch  at  its  crown. 

293.  Pi«n  of  ArckM. — Each  pier  of  a  series  of  arebea  ought  te 
have  sufficient  stability  to  resist  the  thrust  which  a4!ts  upon  it 
when  one  only  of  the  arches  which  spring  from  it  is  loaded  trilk 
a  travelling  load.  That  thrust  may  be  roughly  computed  1^ 
multiplying  the  travelling  load  per  lineal  foot  by  the  ndias  of 
curvature  of  the  intrados  at  its  crown  in  feet 

Each  pier  should  always  give  sufficient  apace  on  its  top  for  tti 
two  arches  to  spring  from* 
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curves  drawn  on  the  soffit  of  the  arch  so  as  to  cut  the  whole  «f  & 
former  series  of  curves  at  right  angles,  such  as  C  C  in  figB.  181  ud 
182.  Joints  of  the  best  form  being  difficult  to  execute,  apoal 
joints  are  used  in  practice  as  an  appi*oximation. 

Pi-aparatoiy  to  the  execution  of  a  skew  arch,  a  lai^  drawing  a£ 
the  soffit  must  be  prepared,  showing  the  exact  figure  and  pod^ 
of  every  arch-stone.  That  drawing  represents  the  curved  soi&oe 
of  tbe  soffit  as  if  it  were  spread  outJlcUj  and  is  called  the  "devtUfh 
merU  **  of  that  curved  surface.  In  general  it  is  sufficient  to  dnv 
one-half  of  the  soffit,  the  other  half  being  similar.  The  followiag 
are  the  processes  by  which  that  drawing  is  prepared : — 

I.  To  draw  Uie  deodopinerU  of  the  aoffii,  and  ofiU  vertical  Mdkm 
en  Hie  skew.  Fig.  183,  No.  2,  represents  a  plan  of  one  half  of  tbe 
arch,  H  A  K  being  the  crown  of  the  soffit,  and  I  B  L  the  £ioe  of 


^^.2.  NoJ8. 


No.  4s. 


Fig.  183. 


one  of  the  abutments.  The  line  A  C  B  represents  the  podtioA  of 
a  vertical  section  on  the  skew,  and  A  E  D,  perpendicular  to  fi  K, 
that  of  a  vertical  section  on  the  square:  ..^  BAD  being  the  aag^ 
of  obliquity. 

Assume  any  convenient  number  of  points  in  H  I,  through  vhkh 
draw  a  set  of  lines  (such  as  E  C  £  G)  II  H  K,  and  also  a  seio^ 
lines  -1-  n  I.  Dmw  O  B  ||  H  I,  cutting  these  lines;  and  on  0  B 
as  half-span,  construct  the  vertical  section  of  the  arch  on  the  Am, 
represented  by  No  1,  in  which  A  G  B  is  the  line  on  the  soffit  oar- 
responding  to  A  G  B  in  No.  2. 

Construct  the  vertical  section  on  the  aqtiare,  No.  3,  by  diawiBJ 
O  D  II  A  D  to  represent  the  half-span  on  the  square,  and  taser 
ferring  the  ordinates  of  No.  1  to  the  correspondmg  points  in  Na 
3;  for  example,  F  C  to  G  E. 

Then  construct  the  development  Na  4  in  the  following  maimer* 
— Produce  the  centre  line  of  the  soffit,  HAKAOHAK. 
Erom  any  convenient  point  A,  Na  4,  draw  A  E  D  -L  H  K*  ia 
which  take  distances  A  E,  A  D,  &o.,  equal  in  length  to  tbe  arci 
A  E,  A  D,  &c.,  which  are  cut  off  on  the  curve  A  £  D,  Na  3^  hf 
its  several  ordinates.  Then  will  the  straight  line  A  £  D,  Na  ^ 
be  the  development  of  the  section  on  the  square,  A  £  D^  Nos.  3  sal 
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the  ardi  only,  and  become  more  and  more  oblique  to  it  the  aemr 
they  are  to  the  apiinging. 

396l  ■»■*  akew  Avch. — ^A  sabstitute  for  an  ordinaty  doev 
arch  is  sometimes  composed  of  a  series  of  ribs  placed  side  by  side^ 


Fig.  185. 


Fig;  1S6. 


as  in  fig.  186.  This  mode  of  construction  contracts  the  span  on  ^ 
mptare  as  compared  ^th  that  of  an  ordinary  skew  arch  baviag 
the  same  span  on  the  skew,  by  the  following  quantity: — 

Let  a  denote  the  projection  of  each  rib  of  the  abutment  beyond 
the  preceding  rib; 

b,  the  breadth  of  a  rib;  then 

cont^ction  of  sp«.  on  the  «!-«  =  J^ -0) 

If  the  span  en  ihe  square  has  already  been  fixed,  the  tpan  en  tk 
gkew  for  a  ribbed  arch  is  to  be  made  greater  than  that  for  » 
common  skew  arch,  simply  by  the  projection  a  of  a  rib  of  the 
abutment. 

297.  aor— Kifc  w  SIMM  uid  Krick  Arehca.— A  weU-designed  stooe 
or  brick  arch  of  sufficient  stability  has  usually  a  great  sorpliB  ai 
strength.  In  the  case,  however,  of  a  proposed  ardi  of  unniail 
dimensions  or  figure,  especially  if  the  material  is  compantirelf 
weak,  it  is  advisable,  after  the  figure  and  dimensions  have  been 
planned  with  a  view  to  stability,  to  test  whether  the  sticngtb 
is  likely  to  be  sufficient.  This  may  be  done  with  a  suffiaently 
dose  approximation,  by  the  aid  of  equations  30,  36,  and  37  of 
Article  180,  p.  307,  by  making  the  following  substitutions: — 

CaseL  In  a  trana/anned  Catenary  a  fxhy  or  a  circular  mg^^ 
less  than  a  quadrant;  make 

//  :=  depth  of  arch-stones  at  springing  X  cos  *  inclination  of  iR^ 
at  that  point; 

q=z^;  m  =:^;  ;  =  span;  *  =  rise; 
and  consequently,  B  =  j^-^  (l  +  -^  -^  ^; ^.) 
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middle  third  of  the  tliickness  of  the  arch,  is  the  elliptic  linear  aick 
of  Article  134,  p.  202,  in  which  the  ratio  of  the  honzoutal  to  the 
vertical  semi-axis  is  the  square  root  of  the  ratio  of  the  harizontal 
to  the  vertical  pressure  of  the  earth ;  that  is  to  say, 

horizontal  semi-axis \  /  '^^^ /  (^  —  ^'^  ^^  -  /i  \ 

vertical  semi-axis  V    /?,         v\l-t-  sin  4^)'^  ' 

q>  being  the  angle  of  repose. 

If  the  earth  is  firm,  and  little  liable  to  be  disturbed,  the  pn>poB> 
tion  of  the  half-span,  or  horizontal  semi-axis,  to  the  rise,  or  Terticil 
semi-axis,  may  be  made  greater  than  is  given  by  the  preceding 
equation,  and  the  earth  will  still  i*esist  the  additional  horizontd 
thrust;  but  that  proportion  should  never  be  made  less  th^n  the 
value  given  by  the  equation,  or  the  sides  of  the  archway  -will  be  in 
danger  of  being  forced  inwards. 

In  a  drainage  tunnel  or  culvert  the  entire  ellipse  may  be  used  as 
the  figure  of  the  arch ;  but  in  a  railway  tunnel,  w^here  it  is  neces- 
sary to  have  a  flat  floor,  the  sides  and  roof  of  the  tunnel  comprise 
in  height  the  upper  two-thirds,  or  thi-ee-fourths,  of  the  ellipse, 
which  is  closed  below  by  a  circular  segmental  inverted  arch  of 
slight  curvature,  its  depression  being  one-eighth  of  its  span,  or 
thereabouts.  By  this  mode  of  construction  the  vertical  pressure 
of  the  sides  of  the  tunnel  is  concentrated  upon  foundation  courses 
directly  below  them,  from  which  they  spring.  The  ratio  which 
the  entire  width  of  the  tunnel,  measured  outside  the  masonry  or 
brickwork,  bears  to  the  joint  width  of  that  pair  of  foundations, 
must  not  exceed  the  limit  of  the  ratio  of  the  weight  of  a  building 
to  the  weight  of  earth  displaced  by  it,  as  given  by  Article  237, 
equation  1,  p.  379.  The  inverted  arch  serves  to  prevent  the 
foundations  of  the  sides  of  the  tunnel  from  being  forced  inwards  by 
the  horizontal  pi*essure  of  the  earth. 

The  exad,  form  for  the  line  of  pressures  in  the  sides  and  roof  of 
a  tunnel  is  the  geostatic  arcJi  of  Article  137,  pp.  212,  213.  This 
principle  requires  attention  when  the  roof  of  the  tunnel  is  near  the 
surface.  Let  Xq  be  the  depth  of  the  crown  of  the  tunnel,  and  x^ 
that  of  its  greatest  hoiizontal  diameter,  beneath  the  surface.  From 
those  ordinates  as  data,  design  a  hydrostcUic  arch,  by  the  aid  of  tbe 
formulse  (12)  of  Article  136,  p.  211;  contract  the  hoiiacmtal 
ordinates  of  that  arch  in  the  ratio  c  :  1  (see  equation  1,  above);  and 
the  result  will  be  the  figui*e  of  the  geostatic  arch  required. 

The  greatest  intensity  of  pressure  in  a  buried  archway  oooan 
usually  in  its  sides,  at  the  ends  of  the  shorter  diameter  of  Uie  o^ 
intrados;  and  that  intensity  is  given  approximately  by  the  foUov* 
ing  equation.  Let  o^  be  the  depth  of  ike  shorter  diamet^  bdow 
the  surface  of  the  ground,  6'  the  half-span  of  the  archway,  d  iti 


4oo 


MATERIALS  AXD   STRUCTUBEa 


X 

*L 

m  d  9f 

X 

9 

udf 

m 

!fQ 

f/odx 

m 

90 

Sfltfs 

O 

I  -oooo 

•0000 

1-6 

2-5774 

2'3755 

0-2 

I  '0200 

•2013 

1-8 

31074 

2*9421 

0-4 

I'oSio 

•4107 

2-0 

3-7622 

3-6269 

o'6 

1-1854 

•6366 

2-2 

45679 

4-4571 

0-8 

1-3373 

•8880 

2-4 

55569 

5-4662 

i-o 

1-5431 

1-1752 

2-6 

6-7690 

6-6947 

1-2 

I -8106 

15094 

2-8 

8-2526 

8-1918 

1*4 

2-1509 

1-9043 

3-0 

10-0676 

10-0178 

To  interpolate  the  ordLaate  y 
mediate  abscissa  x  z^-  *'  "'i-'^--  •^ 
make 


V  corresponding  to  an  int€^ 

u.  when  ~  corresponds  to  — •  in  the  table; 
2/0  "* 


yo      ""yo  \        2m2^24mV        yo^«  W^6m»/^  ' 

This  computation  is  to  be  perfoi-med  by  addition  to  the  number 
next  below  in  the  table,  or  by  subtraction  from  the  number  next 
above,  according  as  the  intermediate  abscissa  lies  nearer  to  the  ooe 
next  below  it  or  to  that  next  above  it. 

Wlien  veiy  great  precision  is  not  required,  the  terms  in  «*  and 
xb*  may  be  neglected;  but  those  in  u  and  tc^  should  always  be  com- 
puted. The  greatest  possible  error  within  the  limits  of  tiie  table, 
by  using  equation  1  as  it  stands,  is  about  "00005 ;  by  n^lecting  «* 
and  u'^,  that  limit  of  error  is  increased,  for  the  greatest  intermediate 
ordinate  in  the  table,  to  about  -0015. 

298  A.  liiat  of  Anthoriiies  on  MatoniT. — (Stones,  Limes,  and 
Cements) — Berthier,  Traite  des  Esaais  par  la  Voie  s^che;  Vkat, 
Traite  des  Mortiers;  Pasley  on  Cements  and  Mortars.  (Masoniy  in 
general) — Rondelet,  Traiti  de  VArt  de  Bdtir;  Gauthey,  TrM^ 
la  Coiistruction  des  Fonts;  Tredgold  on  Masonry  {Encye.  BriL) 

Addendum  to  Article  230,  p.  374. 
Iron  Concrete  (introduced  by  Mr.  Leslie)  is  composed  of  17  parts 
by  weight  of  gravel,  and  1  part  of  iron  turnings,  spread  in  allemat? 
layers.  It  is  used  in  sea- works.  The  iron  becomes  oxidated  ly 
<U'gi-cos,  and  in  the  course  of  two  or  three  months  cements  tt.* 
gravel  into  a  hard  mass. 
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CHAPTER  IV. 

OP  CARPENTRY. 

Section  I. — Of  Timber. 

299.  mrmetmw  of  Timber. — Timber  is  the  material  of  trees  be- 
loDging  almost  exclusively  to  that  class  of  the  vegetable  kingdom 
ID  which  the  stem  grows  by  the  formation  of  successive  layers  of 
wood  all  over  its  external  surface,  and  is  therefore  said  by  botanists 
to  be  exogenous. 

The  exceptions  are,  trees  of  the  palm  family,  and  tree-like 
grasses,  such  as  the  bamboo,  which  belong  to  the  endogenoits  class; 
so  called  because,  although  the  stem  grows  partly  by  the  formation 
of  layers  of  new  wood  on  its  outer  surface,  the  fibres  of  that  new 
▼ood  do  neTcrtheless  cross  and  penetrate  amongst  those  previously 
fonned  in  such  a  manner  as  to  be  mixed  with  them  in  one  part  of 
their  course,  and  internal  to  them  at  another. 

The  steins  of  endogenous  trees,  though  light  and  tough,  are  too 
flexible  and  slender  to  furnish  materials  suitable  for  important 
works  of  carpentry.  They  will  therefore  not  be  further  mentioned 
in  this  section  except  to  refer  to  the  tables  at  the  end  of  the 
volume  for  the  tenacity  and  heaviness  of  bamboo. 

The  stem  of  an  exogenous  tree  is  covered  with  bark,  which  grows 
by  the  formation  of  successive  layers  on  its  inner  surface,  at  the 
same  time  that  the  wood  grows  by  the  formation  of  successive 
layers  on  its  outer  surface.  This  double  operation  takes  place  in 
the  narrow  space  between  the  previously-formed  wood  and  bark, 
during  the  circulation  of  the  sap.  The  sap  ascends  from  the  roots 
to  the  leaves  through  vessels  contained  in  the  outer  layers  of  the 
^ood;  at  the  surface  of  the  leaves  it  acquires  carbon  from  the 
atmosphere,  and  becomes  denser,  thicker,  and  more  complex  in  its 
composition ;  it  then  descends  from  the  leaves  to  the  roots  through, 
vessels  contained  chiefly  in  the  innermost  layers  of  the  bark.  It  is 
Relieved  that  the  formation  of  new  wood  and  bark  takes  place 
cither  wholly  or  principally  from  the  descending  sap. 

The  circulation  of  the  sai>  is  either  wholly  or  partially  suspended 
during  a  portion  of  each  year  (in  tropical  climates  during  the  dry 
reason,  and  in  temperate  and  polar  climates  during  the  winter); 
^d  hence  the  wood  and  bark  are  usually  formed  in  distinct  layen^ 
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at  the  rate  of  one  layer  ia  each  year;  but  this  rule  is  notunivenaL 
Each  such  layer  consists  of  parts  differing  in  density  and  colour  to 
an  extent  which  varies  in  different  kinds  of  trees. 

The  tissues  of  which  both  wood  and  bark  contdst  are  distin- 
guished into  two  kinds — cdlular  tissue,  consisting  of  clusters  of 
minute  cells ;  and  vasadar  tissue,  or  %ooody  fibre,  consisting  of 
bundles  of  slender  tubes;  the  latter  being  distinguished  from  tlie 
former  by  its  fibrous  appearance.  The  difference,  however,  betreen 
those  two  kinds  of  tissue,  although  very  distinct  both  to  the  eje 
and  to  the  touch,  is  really  one  of  degree  rather  than  of  kind;  for 
the  fibres  or  tubes  of  vascular  tissue  are  simply  very  much  dongated 
cells,  tapering  to  points  at  the  ends,  and  '*  breaking  joint"  vitL 
each  other. 

The  tenacity  of  wood  when  strained  "  along  the  grain**  depends 
on  the  tenacity  of  the  walls  of  those  tubes  or  fibres ;  the  tenacity  of 
wood  when  strained  ''across  the  grain**  depends  on  the  adhesion  d 
the  sides  of  the  tubes  and  cells  to  each  other.  Examples  of  ^ 
difference  of  strength  in  those  different  directions  will  be  given 
afterwards. 

When  a  woody  stem  is  cut  across,  the  cellular  and  vascular  tissne 
are  seen  to  be  arranged  in  the  following  manner : — 

In  the  centre  of  the  stem  is  the  pith,  composed  of  cellular  tissne, 
enclosed  in  the  medullary  sheath,  which  consists  of  vascular  tiasae 
of  a  particular  kind.  From  the  pith  there  extend,  radiating 
outwards  to  the  bark,  thin  partitions  of  cellular  tissue,  called 
meduUary  rays;  between  these,  additional  medullary  rays  extend 
inwards  from  the  bark  to  a  greater  or  less  distance,  but  vithont 
penetrating  to  the  pith. 

When  the  medullary  rays  are  large  and  distinct,  as  in  oak,  thej 
are  called  "  silver  grain," 

Between  the  medullary  rajrs  lie  bundles  of  vascular  tissne,  foim- 
ing  the  woody  fibre,  arranged  in  nearly  concentric  rings  or  Uy«s 
round  the  pith.  These  rings  are  traversed  radially  by  the 
medullary  rays.  The  boundary  between  two  successive  ring* 
is  marked  more  or  less  distinctly  by  a  greater  degree  of  poroeitj. 
and  by  a  difference  of  hardness  and  colour. 

The  annual  rings  are  usually  thicker  at  that  side  of  the  tret 
which  has  had  most  air  and  sunshine,  so  that  the  pith  is  n^ 
exactly  in  the  centre. 

The  wood  of  the  entire  stem  may  be  distinguished  into  ^ 
parts — ^the  outer  and  younger  portion,  called  *' sap-toood,"  bong 
softer,  weaker,  and  less  compact,  and  sometimes  lighter  in  cdoor, 
than  the  inner  and  older  portion,  called  "  hear^tDoodJ*  55* 
heart- wood  is  alone  to  be  employed  in  those  works  of  carpcntrr 
in  which  strength  and  durability  are  required     The  boundait 
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between  the  aap-wood  and  the  heart-wood  is  in  ge 
marked,  as  if  the  change  from  tbe  former  to  the  lal 
the  course  of  a  single  year.  The  following  examp 
portion  of  sap-wood  to  the  entire  volume  are  given  c 
of  Tredgold.     {Prindplei  o/CarpeiUry,  Section  X.) 

Tbic 
j^  Age.        Dlaniclcr.       Binga  ot         i 


Cheitaut, 58  15^  7 

Oak, 63  17  17  J 

ScotcbFir, 1  34  1  3 

The  following  data  are  given  on  the  authority 
MoiTay,  C.El     {Bncyc.  Brit,  Ai-ticle  "Timber.") 


English  Oak  {Quereut  pedunettlala), 

Durmast  Oak  [Quercus  seaailijtora), 

Chestnut  (Ciufanea  Vesca), 

^3ni{Ulmua  campesirU), 

lATch  (^Larix  Europaa), 

Scotch  ¥'a  {Pimu  tylvwtrU),  

Memcl  Vir  {Finua  tylvealrin), 

Canadian  YeUow  Pine  [^Pinua  variahUia),... 


The  structmo  of  ;i  lirandi  is  similar  to  that  of 
which  it  springp,  except  as  regariis  the  difference  ii 
annual  rings,  corresponding  to  the  difference  of  1 
becomes  partially  imbedded  in  those  layers  of  the  t 
fncmed  aAer  the  time  of  its  first  sprouting;  it  caus 
in  those  layers,  accompanied  by  distortion  of  their 
Mitntea  what  is  called  a  hnot.  (On  various  mattei 
this  Article,  see  Balfour's  ifanval  of  Botany,  . 
L  and  iL) 

300.  TiMkrTraraCluMd— Plae^Md— Lcnl^wvod 
of  carpentry  trees  may  be  classed  aecording  to 
stracture  of  the  wood.  It  has  already  been  s 
botanical  classes  of  Eudogens  and  Esc^ns  corresp 
differences  of  mechanical  structure. 

In  further  dividing  the  class  of  Exogenons  trees, 
proper,  according  t«  the  structure  of  the  wood,  a  d 
rliwrn  at  once  suggests  itself,  which  exactly  con 
botanical  division,  viz. : — 
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PiBe«w«od,  comprising  all  timber-trees  belonging  to  the  ooniferoos 
order;  and 

iK»r-woo«i,  comprising  ail  other  timber-trees. 

Beyond  this  primary  division,  the  place  of  a  tree  in  the  botani- 
cal system  has  little  or  no  connection  ivith  the  structure  of  its 
timber. 

A  classification  of  timber  according  to  its  mechanical  stnicUiit* 
was  proposed  by  Tredgold,  founded,  in  the  first  place,  on  tlie 
greater  or  less  distinctness  of  the  medullary  rays;  and  secoauly, 
on  the  greater  or  less  distinctness  of  the  annual  ringa  AccordiDg 
to  that  classification,  pine- wood,  or  coniferous  timber,  is  placed  in  tlto 
isame  class  with  leaf-wood  that  has  the  medullary  rays  indistinc:; 
and  this  is  certainly  a  fault  in  the  system.  If,  however,  pine-wooii 
be  placed  in  a  class  apart,  Tredgold's  system  may  very  well  1>» 
applied  to  divide  and  subdivide  the  class  of  leaf- wood ;  but  it  i-* 
to  be  observed  that  the  characters  on  which  that  system  i* 
founded,  being  mere  differences  in  degree,  and  not  in  kind,  are  nc? 
of  that  definite  sort  which  a  thoroughly  satisfactory  system  ^i 
classification  requires;  and  if  they  are  adopted,  it  is  because  no 
better  set  of  distinguishing  characters  has  yet  been  proposed. 

The  following  is  a  condensed  view  of  the  classification  of  exo- 
genous timber,  as  above  described :  — 

CLASS  1.     Pine- WOOD.     (Natural  order  Coniferm,) — Examples; 

— Pine,  Fir,  Larch,  Cowrie,  Yew,  Cedar,  Juni- 
per, Cypress,  &c. 

CLASS  11. — Leaf-wood.     (Non-coniferous  trees.) 

Division  L  With    distinct  large  medullary  rays.     fHw 

trees  in  this  division  form  part  of  tlie 
natural  order  Amentacea.) 

Stibdivision    L  Annual   rings    distinct. — Example:— 

Oak. 
Subdivision  IL  Annual  rings  indistinct. — Examples : 

— Beech,  Alder,  Plane,  Sycamore,  Ac 

Division  II.  No  distinct  large  medullary  rays. 

Svhdiviavon    I.   Annual    rings    distinct^ — Example: 

— Chestnut,  Ash,  Elm,  drc 

Subdivision  II.  Annual  rings  indistinctu — Exampifis- 

— Mahogany,  Walnut,  Teak,Popbir, 
Box,  <bc. 

The  chief  practical  bearings  of  this  classification  are  as  follows:— 

Pine- wood,  or  coniferous  timber,  in  most  cases,  contains  turpciitn^ 

It  is  distinguished  by  straightness  in  the  fibre  and  regnlirity  ia 
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tea  favourable  to  iU  use  in  carpentry, 
re  rci|uired  to  bear  either  a  direct  ]>ull, 
jurpoaCH  of  planking.  At  tlie  same 
the  fibres  is  small ;  so  that  it  is  much 
Ions  the  grain,  or  torn  asunder  across 
ana  is  therefore  less  fitted  to  resist 
any  kind  of  stress  that  does  not  act 
Dughest  kinds  of  pine-wood,  are  ensily 
teristic  of  jiine-wood  (but  one  which 
nake  it  visible)  ia  that  of  having  the 
that  is  to  say,  there  ate  small  lenticu- 
bhe  tubular  fibres.  This  structui-e  is 
smallness  of  the  lateral  adhesion  of 

feroiia  timber,  there  is  no  turpentine. 
with  which   the   Btructuro  is'seen, 

rays  or  annual  rings,  depends  on  tlio 
ire  of  different  parts  of  the  wootl 
ice  nnequal  shrinking  in  drying;  and 
timber  in  which  the  medullary  rays, 
istinctly  marked,  are  more  liable  to 
e  texture  is  more  uniform.  At  the 
>f  timber  are,  on  the  whole,  the  more 

ai-e  very  tough  and  strong,  which 
le  for  structures  that  have  to  bi'iir 

nib«r. — There  are  certain  appearances 
■oDg  and  durable  timber,  to  what  class 

ber,  that  specimen  will  in  general  lie 
lurahle  wliich  has  grown  the  slowest, 
if  the  annual  rings. 
in  the  meduUaiy  rays  (when  visible) 

«e  should  adhere  firmly  together,  and 
t  a  freshly-cut  surface,  nor  should  it 
1  loose  fibres, 
irkneas  of  colour  is  in  general  a  sign 

the  wood  should  be  firm  and  shining, 

f  a  translucent  appearance.     A  dull, 

f  bad  timber. 

,  the  heavier  specimens  ai-e  in  general 

iting. 

those  which  have  least  resin  in  their 
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pores,  and  amongst  non-resinous  woods,  those  which  have  least  sa^ 
or  gum  in  them  are  in  general  the  strongest  and  most  lasting. 

It  is  stated  by  some  authors  that  in  pine-wood,  that  which  las 
most  sap-wood,  and  in  leaf- wood,  that  which  has  least,  is  the  mort 
durable;  but  the  universality  of  this  law  is  doubtful. 

Timber  should  be  free  from  such  blemishes  as  clefts,  or  cncks 
radiating  from  the  centre;  "cup-shakes,"  or  cracks  which  partttlly 
separate  one  annual  layer  fi-om  another;  "  upsets,"  where  ^e  fibres 
have  been  crippled  by  compression;  "rind-galls,"  or  wounds  in  a 
layer  of  the  wood,  which  have  been  covered  and  concealed  by  the 
growth  of  subsequent  layers  over  them;  and  hollows  or  spongy 
places,  in  the  centre  or  elsewhere,  indicating  the  commencement  ti 
decay. 

302.  Exantplca  of  Pine-wood, — Pine,  Fir,  Ijarcli,  Cowrie,  f^cdnv^^ 

— The  following  are  examples  of  timber  of  this  class : — 

I.  Pine  timber  of  the  best  sort  is  the  produce  of  the  Red  Pine^ 
or  Scottish  Fir  (Pinus  s^lvestria),  grown  in  Norway,  Sweden,  Bxaa^ 
and  Poland.    Tne  best  is  exported  from  Kiga,  the  next  from  Hemd 
and  from  Dantzic.    The  same  species  of  tree  grows  also  in  Britain,  bat 
is  inferior  in  strength.     The  annual  rings,  when  this  timber  b  of  tiie 
best  kind,  consist  of  a  hard  part,  of  a  clear  dark-red  colour,  and  a 
less  hard  part,  of  a  lighter  colour,  but  still  clear  and  compaoL 
The  thickness  of  the  rings  should  not  exceed  one-tenth  of  an  indi. 
The  most  common  size  of  the  logs  to  be  met  with  in  the  market  is 
about  13  inches  square.     This  is  the  best  of  all  timber  for  stnight 
beams,  straight  ties,  and  straight  pieces  in  fiumework  generdly, 
and  for  the  spars  of  ships. 

Pine  timber  for  the  same  purposes  is  also  obtained  from  Taxiooi 
other  species,  chiefly  North  American,  of  which  the  best  are  titf 
Yellow  Pine  {Firms  variability  and  White  Pine  {PinuM  Strcbmi\ 
It  is  softer  and  less  durable  than  the  Bed  Pine  of  the  North  of 
Europe,  but  lighter,  and  can  be  had  in  larger  loga 

II.  White  Fib,  or  Deal  timber  of  the  best  kind,  is  the  prodpee 
of  the  Spruce  Fir  {Abies  excdsa),  grown  in  Norway,  Sweden,  and 
Kussia.  The  best  is  that  known  as  Christiania  DeaL  Mudi  <d 
this  timber  is  sawn  up  for  sale  into  pieces  of  various  thicknesMi 
suited  for  planking,  which, 

when  7  inches  broad  are  called  "  hcMens,^ 
when  9  „  „  *' deals.'* 

when  11  „  „  "planks.^ 

They  are  to  be  had  of  various  lengths ;  but  the  most  maal  leogtii  is 
about  12  feet 

This  is  an  excellent  kind  of  timber  for  planking,  light 
and  joiners'  work,  and  for  the  lighter  spars  of  ships. 
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ce  fir,  applied  to  the  same  pur- 

I  White  Spruce  {Abiet  aiba),  and 

•pcea),  grown  in  various  parts  of 
eat  strength,  and  remarkable  for 
weather ;  but  harder  to  work  and 
ne.  The  best  sort  has  the  harder 
nd  the  Bofter  part  of  a  honej-jel- 
thicker  than  those  of  red  pine, 
the  Black  Larch,  or  Hackmatack 
^arch  [Larue  mieroearpa),  produce 

_  „  _„. vpean  Larch. 

IV.  The  Cowrie  or  Eawbie  (Bammara  Atistralu),  a  coniferous 
wn  in  Kev  Zealand,  produces  timber  similar  in  its  pro- 
0  the  best  kinds  of  pine,  except  that  it  is  said  to  be  more 
warp,  and  more  variable  in  quality.  It  is  of  a  browniah- 
cilour,  and  more  uniform  in  its  texture  than  red  pine  and 

le  term  Cbdab  is  applied,  not  only  to  the  timber  of  the  true 
'edrus  Libani),  but  also  to  that  of  various  large  species  of 
(such  as  Jvm.vpen»M  VirginiaTia)  and  of  Cypress.  ^11  these 
*  wood  are  remarkable  for  durability,  in  which  they  excel 
timb^;  bat  they  ai-e  deficient  in  strength, 

Bxawrle*  ■(*  licaf-wssd— Onk,  Bcccli.  Aldor.  Plane.  Srcainvre. 

jnds  of  timber  which  head  tliis  article  belong  to  the  first 
of  Tredgold's  system,  being  that  in  which  there  are  dis- 
ge  medullary  tays.  Of  the  examples  cited,  the  Oak  alone 
to  the  first  subdivision,  in  which  the  divisions  between  the 
ingB  are  distinctly  marked  by  circles  of  pores.  The  other 
It  belong  to  the  second  subiliviaion,  in  which  the  rings  are 
^nctly  marked. 

K  timber,  the  strongest,  toughest,  and  moHt  lasting  of  those 
n  temperate  climates,  is  the  produce  of  various  species  or 
of  the  botanical  genus  Quercua.  In  Europe  there  are  two 
'  oak  trees;  and  it  is  doubtful  whether  tbey  are  distinct 
ir  varieties  of  one  species.  They  are — 
)Id  English  Oak,  or  Stalk-fruited  Oak  {Querela  Hobur,  or 
pedvnndata),  in  which  the  acorns  grow  on  stalks,  and  the 
lose  to  the  twig,  and 

tay  Oak, or  Cluster-fruited  Oak  {Qiiereus  sessUiJlora),m  which 
ns  grow  in  close  clusters,  and  the  leaves  have  short  stalks. 
those  kinds  of  oak  come  to  their  greatest  perfection  in 

wood  of  the  stalk-fruited  oak  is  lighter  in  colour,  and  has 
amerous  and  distinct  medullary  rays  than  that  of  tlie 
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cluster-fruited  oak,  in  which  they  are  sometimes  so  few  and  iadis- 
tinct  as  to  have  caused  it  in  some  old  buildings  to  be  mistaken  for 
chestuut.  The  stalk-&uited  oak  is  the  stiffer  and  the  stmigtitEr* 
grained  of  the  two,  the  easier  to  work,  and  the  less  liable  to  varp; 
it  is  therefore  preferable  where  8tiffn&*«  and  accuracy  of  form  ire 
desired;  the  cluster-fruited  oak  is  the  more  flexible,  which  gives 
it  an  advantage  where  shocks  have  to  be  borne. 

The  best  oak  timber  when  new  is  of  a  pale  brownish-yellow,  with 
a  perceptible  shade  of  green  in  its  composition,  a  firm  and  gloKT 
surface,  very  small  and  regular  annual  rings,  and  hard  and  com- 
pact medullary  rays.  Thick  rings,  maiiy  large  pores,  a  dull 
surface,  and  a  reddish,  or  "  foxy"  hue,  are  signs  of  weak  and 
perishable  wood. 

It  is  considered  that  oak  timber  comes  to  maturity  at  the  age  of 
100  years,  at  which  period  o£.ch  tree  produces  on  an  average  about 
75  cubic  feet  of  timber;  and  that  it  should  not  be  feUed  before  iht 
sixtieth  year  of  its  age,  nor  later  than  the  200th. 

The  species  of  oak  in  North  America  are  very  numemas.  Tba 
best  of  them  are,  the  Red  Oak  (Qitercus  rubra),  and  "White  Oak 
{Quercus  alba),  which  are  little  inferior  to  the  best  European 
kinds,  and  the  Live.  Oak  {Quercu8  virens)  which  is  said  to  l< 
superior  in  strength,  toughness,  and  durability,  to  all  other  s^^ 
but  is  so  rare  as  to  be  reserved  exclusively  for  ship-building. 

The  wood  of  the  oak  contains  gallic  acid,  which  probably  coa- 
tributes  to  the  durability  of  the  timber,  but  tends  to  corrode  iroa 
fastenings. 

The  following  are  examples  of  trees  belonging  to  tlie  seccaJ 
subdivision : — 

II.  Beech  {Fagiis  sylvatica),  common  in  Europe; 

III.  Alder  {Alntts  glulinosa),  also  common  in  Europe; 

IV.  American  Plane  {Platanus  occidentalis),  common  in  Nortb 
America. 

V.  Sycamore  {Acer  Psevdo-platantis),  also  called  Great  Map!**, 
and  in  Scotland  and  the  North  of  England,  Plane;  oommoo  it 
western  Europe. 

All  these  afford  compact  timber  of  uniform  texture.  They  arp 
not  used  for  great  works  of  .carpentry;  but  are  valuable  where  block"' 
of  wood  are  required  to  resist  a  crushing  force.  They  last  wi».i 
when  constantly  wet,  and  are  therefore  suited  for  piles  that  are  t»i 
be  always  under  water;  but  when  alternately  wet  and  diy  th*-; 
decay  rapidly. 

304.    Mjtaf'wod  contlniicd*— Chcscnat*   Ash,  Ehn, — The  examp**^ 

of  timber  in  this  article  belong  to  the  first  subdivision  of  t..* 
second  division,  according  to  Tredgold's  system,  having  no  lir^e 
distinct  medullary  rays,  and  having  the  divisions  between  tJt 
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J  a  more  poroua  structure     They 

cd)  yields  timber  resembling  tliat 
that  it  is  without  large  medullaij 
properties  resemble  those  of  oak 
timber  is  less  durable,  especially 

w)  furnishes  timber  whose  tough- 
rior  to  that  of  all  other  European 

shaftd  of  can-iages,  and  the  like; 

and  durable  to  be  used  in  great 
'  of  the  wood  is  like  that  of  oak, 
"eenish  hue;  the  annual  rings  are 
he  difierence  between  theit  com- 

5d. 

,1  camvpestrig)  and  Smooth-leaved 
■which  is  valued  for  its  durability 
illy  anited  for  piles  and  for  plank- 
Its  strength  across  the  grain, 
!  comparatively  great ;  and  these 
)me  parts  of  mechanism,  such  as 
hips'  blocks,  and  the  like.  It  is 
entry.    There  are  othar  Eurojtean 

£1m  ( Ulmua  Tiumtana),  but  their 
ro  species  named. 

Rock  Elm,  is  said  to  be  not  only 
t-grained  and  tough,  so  as  to  b« 

bvgnaj'i  Tenk,  Grembenrl.   Klam. 

tmples  of  the  second  subdivisinu 
ving  no  lai^e  distinct  meduDnry 
e  of  compactness  in  the  rin;^ 
ompanicd  by  comparative  freedom 

hogani)  is  produced  in  Ci'iitml 
[filands,  that  of  the  former  region 
Mahogany;"  that  of  the  latter  as 
'good  quality,  it  is  very  strong  in 
preserves  ita  shape  nnder  varying 
listure  better  than  any  other  kind 
.  in  equal  abundance.  Mahc^any 
fiogany  being  in  general  superior 
,  stiffness,  and  durability,  and  in 
hogany  is  thu  moi^  highly  vulued 
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Spanish  mabogauy  is  distinguished  by  having  a  white  dialky 
substance  in  its  pores,  those  of  bay  mahogany  being  empty. 

II.  Teak  {Tectona  graTidis),  from  its  great  strength,  gtiiT&eBi, 
toughness,  and  durability,  is  the  most  valuable  of  all  woods  fat 
carpentry,  especially  for  ship-building.  It  is  produced  in  ^ 
mountainous  districts  of  south-eastern  Asia  and  the  East  lodm 
Islands.     The  best  comes  from  Malabar,  Ceylon,  Johore,  and  Jam 

Good  teak  resembles  oak  in  colour  and  lustre,  is  very  unifom 
and  compact  in  texture,  and  has  very  narrow  and  regular  anmial 
rings.  It  contains  a  resinous,  oily  matter  in  its  pores,  in  ortlerto 
extract  which,  the  tree  is  sometimes  tapped ;  but  this  injures  ^ 
strength  and  durability  of  the  timber,  and  ought  to  be  avoided. 
Insects  do  not  attack  teak,  and  iron  is  not  corroded  bycQnivi 
with  it,  uuless  it  has  been  grown  in  a  marshy  soil 

III.  Greenheart  {Nectandra  Rodicd),  a  tree  of  British  Owsa^ 
yields  a  very  strong  and  durable  timber,  considered  of  the  ^x^ 
quality  for  ship-building  and  all  kinds  of  carpetitry,  and  also  te 
piled  foundations  and  other  structures  under  water. 

lY.  Mora  {Mora  excelaa),  also  a  tree  of  British  Guiana,  jiddi 
a  first-class  timber  for  ship-building. 

306.  Ijcal^vrood     continued*  —  Iron-barkt    ]lln«-g«ni*   JniiakM 

These  are  three  of  the  numerous  species  of  the  genus  Eucalyptia, 
peculiar  to  Australia.  They  yield  tiiijler  of  gi'eat  size,  strength, 
and  durability;  and  that  of  the  iron-bark,  in  particular,  is  held  to 
be  of  the  first  class  for  ship-building.  The  wood  of  iron-bark 
is  white  or  yellowish ;  that  of  blue-gum,  straw-coloured ;  that  of 
jan-ah  resembles  mahogany,  and  is  sometimes  called  **  Aib- 
tralian  Mahogany."  The  Eucalypti^  in  common  with  some  other 
Australian  trees,  are  distinguished  fi*om  the  trees  of  other  qnazten 
of  the  globe  by  being  more  easily  split  in  concentric  layers,  than  in 
planes  radiating  from  the  pith ;  and  the  most  irequent  blemish  in 
their  timber  is  the  occurrence  of  cylindrical  clefts  of  that  kiod, 
filled  with  gum. 

307.  Inflncnce  of  Soil  and  Climate  on  Trees. — ^Most  timber  tieea 

arc  capable  of  flourishing  in  a  great  variety  of  soils.  The  best  soil 
for  all  of  them  is  one  which,  without  being  too  dry  and  parov^ 
allows  water  to  escape  freely,  such  as  gravel  mixed  with  sandf 
loam. 

The  most  injurious  soil  to  trees  is  tliat  of  swampy  groand  ooor 
taining  stagnant  water:  it  never  fails  to  make  the  timber  weik 
and  perishable. 

As  to  the  influence  of  climate,  two  general  laws  seem  to  pre^: 
that  the  strongest  timber  is  yielded,  amongst  different  tpeom  d 
trees,  by  those  produced  in  tropical  climates;  and  amongst  trees rf 
itia  same  specUs,  by  those  grown  in  cold  climatea     The  first  kwii 
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,  iron-wood,  ebony,  and 
lose  of  temperate  climi 
as  compared  with  that 
mpared  with  that  of  I 
t  North  of  England,  as  < 

Tlvber. — There  ia  a  ce 
btains  its  greatest  atr«i 
lat  age,  the  tree,  besid 
ion  of  sap-wood,  and 
ting;  if  allowed  to  gn 
e  tree  begins  either  b 
'  commences  by  slow 
ollow.  The  age  of  mi 
he  tree  to  produce  timb 
iven  on  the  authority 

Age  ofMaiurit' 

Te«ra. 

f      60  to  200 

' \  average  100 

50to  100 

70  to  100 

ber  is   that  during  w 

say,  the  winter,  or  in 
sap  tends  to  decompos 
he  beat  authorities  1*60 
be  sap-wood,  tliat  the 
be  stripped  off  in  the  ] 

leen  felled,  it  should  be 

the  log,  in  order  to  gi> 
ts  drying.     If  the  log 

JIS. 

tiMctat. — Seasoning  tin 
We,  the  moisture  whic 

simply  by  exposing  tl 
Itered,  if  possible,  £K>m 
yard  should  be  paved 
d  on  cast  iron  borers,  1 
.on  of  air  over  all  the  s 

ir  for  oarpenteis'  worl 
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occupies  about  two  years ;  for  joiners'  work,  about  four  years;  kt 
much  longer  periods  are  sometimes  employed. 

To  steep  timber  in  water  for  a  fortnight  after  felling  it  extracts 
part  of  the  sap,  and  makes  the  drying  process  more  rapid. 

The  best  method  of  Artificial  Seasoning  consists  in  exi)Osing  the 
timber  in  a  chamber  or  oven  to  a  current  of  hot  air.  In  Mr. 
Davison's  process,  the  current  of  air  is  impelled  by  a  fiein  at  the 
lute  of  about  100  feet  per  second;  and  the  fan,  air-passagea,  and 
chamber  are  so  proportioned,  that  one-third  of  the  volume  of  air  in 
the  chamber  is  blown  through  it  per  minute.  The  best  tempn^ 
ature  for  the  hot  air  varies  with  the  kind  and  dimensions  ci  ^ 
timber;  thus,  for 

Oak,  of  any  dimensions,  the  temperature 

should  not  exceed los^Fakr. 

Leaf-woods  in  general,   in  logs  or  large 

pieces, po^to  loo* 

Pine- woods,  in  thick  pieces, 120' 

„         in  thin  boards, 180^  to  200° 

Bay  mahogany,  in  boards  one  inch  thick,...  280°  to  300* 

The  time  required  for  drying  is  stated  to  be  as  follows: — 

Thickness  in  inches, i,  2,  3,  4,  6,    8; 

Time  in  weeks, i,  2,  3,  4,  7,  10, 

the  current  of  hot  air  being  kept  up  for  twelve  Itours  per  dA 
only. 

The  drying  of  timber  by  hot  air  from  a  furnace  has  alao 
practised  successfully  by  Mr.  James  Robert  Napier,  in  a  ^'W 
chamber,  through  which  a  current  is  produced  by  the  draught  c* 
chimney.  The  equable  distribution  of  the  hot  air  amongst 
pieces  of  timber  is  insured  by  introducing  the  hot  air  close  to 
roof  of  the  chamber,  and  drawing  it  off  through  holes  in  the  So 
into  an  underground  flue.  The  hot  air  on  entct'ing,  being  ie« 
mre  than  that  already  in  the  chamber,  which  is  partiallv  oxJ 
s])reads  into  a  thin  stratum  close  under  the  roof,  and  gi 
ally  descends  amongst  the  pieces  of  wood  to  the  floor, 
air  is  introduced  at  the  temperature  of  240°  Fahr.  The 
1)011  diture  of  fuel  is  at  the  rate  of  1  lb.  of  coke  for  everj'  3il& 
moisture  evapoi'ated. 

Many  experiments  have  been  made  on  the  loss  of  wei*»ht 
shrinkage  of  dimensions  undergone  by  timber    in   seasomV: 
which  the  details  may  be  found  in  the  works  of  I'inclmm  on  ^ 
huUdinff,  Tredgold  on  Carpentry,  .Mr.  Murray   on   Sfiifhbm 
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A'c.  The  results  of  these  experiments  vary  so  much  that  it  is 
almost  impossible  to  condense  them  into  any  general  statement. 
The  following  shows  the    limits  within  which    they  generally 

~    ,  Loss  of  Weight  Transverse  Shrink- 

^"^°^'  per  Cent.  ing  per  Cent. 

EedPine, from  12  to  25  2^  to  3 

American  Yellow  Pine, „     i8to27  2    to  3 

Larch, „       6  to  25  2    to  3 

Oak  (British), „     16  to  30  aboutS 

£1di        „       „     about  40  about  4 

Mahogany, „     16  to  25 

310.  "Dmnhiihj  and  Uttcuj  of  Timber. — All  kinds  of  timber  are 
most  lasting  when  kept  constantly  dry,  and  at  the  same  time  freely 
''entilated. 

Timber  kept  constantly  wet  is  softened  and  weakened;  but  it 
does  not  necessaiily  decay.  Various  kinds  of  timber,  some  of 
^liich  have  been  almidy  mentioned,  such  a^  elm  and  beech,  possess 
p^t  durability  in  this  condition. 

The  situation  which  is  least  favoui'able  to  the  duration  of  timber 
18  that  of  alternate  wetness  and  dryness,  or  of  a  slight  degree  of 
inoisture,  especially  if  accompanied  by  heat  and  confined  air.  For 
pieces  of  carpentry,  therefore,  which  are  to  be  exposed  to  these 
causes  of  decay,  the  most  durable  kinds  of  timber  only  are  to  be 
,  ftnpioyed,  and  proper  precautions  are  to  be  taken  for  their  preser- 
Talaon. 

.     Slaked  lime  hastens  the  decay  of  timber,  which  should  therefore, 
ill  buildings,  be  protected  against  contact  with  the  moi-tar. 

Timber  exposed  to  confined  air  alone,  without  the  presence  of 
ly considerable  quantity  of  moisture,  decays  by  " dri/  rot"  which 
accompanied  by  the  growth  of  a  fungus,  and  finally  converts 
tt  wood  into  a  fine  powder. 

The  following  table  shows  the  comparative  durability  of  some 
ids  of  timber  for  ship-building,  as  estimated  by  the  committee  of 

yds. 

12  years.  Teak,  British  Oak,  Mora,  Greenheart,  Iron-bark,  SauL 
10      „      Bay  Mahogany,  Cedar  {Juniperus  Virginiana.) 
9     „      European     Continental    Oak,    Chestnut,    Blue-gum^ 

Stringy-bark  {EuccdypiTis  gigantea.) 
8     ^      North  American  White  Oak,  North  American  Chest- 
nut 
7      „      liarch,  Hackmatack,  Pitch  Pine,  Euglish  Ash. 
6      „      Cowrie,  Ajnerican  Bock  Elm. 

2o 
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5  years.  Red  Pine,  Grey  Elm,  Black  Birch,  Spmoe  Fir,  Eng- 
lish Beech. 
4      „      Hemlock  Pine  (North  American.) 


31 1.  PN«enPBtioii  of  Timber. — ^Amongst  the  most  efficient  means 
of  preserving  timber,  are  good  seasoning  and  free  oircalatioiiof  iir. 

Protection  against  moisture  is  afforded  by  oil-paint,  provided  thit 
the  timber  is  perfectly  dry  when  first  painted,  and  that  the  paint 
is  renewed  from  time  to  time.  A  coating  of  pitch  or  tar  may  be 
used  for  the  same  purpose,  applied  hot  in  thin  layers. 

Protection  against  the  dry  rot  may  be  obtained  by  satoiatia; 
the  timber  with  solutions  of  particular  metallic  salts.  For  this 
purpose  Chapman  employed  copperas  (sulphcUe  of  iron);  Mr. 
Kyan,  corrosive  sublimate  {bicJdoride  of  mercun/);  Sir  Wflliam 
Burnett,  chloride  of  zinc  All  these  salts  preserve  the  timber 
so  long  as  they  remain  in  its  pores;  but  it  would  seem  that 
they  are  gradually  removed  by  the  long-continued  action  of  water. 
In  planting  poles  it  is  advisable  to  till  the  hole  with  cement  or 
beton,  terminated  above,  so  as  to  let  water  drain  ofL 

Dr.  Boucherie  employs  a  solution  of  sidphcUe  of  copper  ia  about 
one  hundred  times  its  weight  of  water.  The  solution,  being 
contained  in  a  tank  about  30  or  40  feet  above  the  level  of  tbe  log, 
descends  through  a  flexible  tube  to  a  cap  fixed  on  one  end  of  tbe 
log,  whence  it  is  forced  by  the  pressure  of  the  column  of  fluid 
above  it  through  the  tubes  of  the  vascular  tissue,  driving  out  the 
sap  before  it  at  the  other  end  of  the  log,  until  the  tubes  ai« 
cleared  of  sap  and  filled  with  the  solution  instead. 

Timber  is  protected  not  only  against  wet  rot  and  dry  rot,  but 
against  white  ants  and  sea-worms,  by  Mr.  BethelFs  process  of 
saturation  with  the  liquid  called  commercially  "  creosote,^  which  ii 
a  kind  of  pitch  oil.  This  is  effected  by  first  exhausting  the  air 
and  moisture  from  the  pores  of  the  timber  in  an  air-tight  vess^  in 
which  a  partial  vacuum  is  kept  up  for  a  few  hours,  and  tka 
forcing  the  creosote  into  these  pores  by  a  pressure  of  about  150  lbs. 
on  the  square  inch,  which  is  kept  up  for  some  days.  The  ^mber 
absorbs  from  a  ninth  to  a  ttoel/tliof  its  weight  of  the  oil.  (See  p,  799.) 

312.  Su-eB9(ih  of  Timber. — Amongst  different  specimens  of  timber 
of  the  same  species,  those  which  are  most  dense  in  the  dry  atat£ 
are  in  general  also  the  strongest. 

Tables  of  the  average  results  of  the  most  trustworthy  cxpen- 
ments  on  the  strength  of  different  kinds  of  timber  strained  ii 
various  ways  are  given  at  the  end  of  the  volume;  and  a  sup^ 
mentary  table  containing  some  additional  results,  at  the  end  of 
this  section,  p.  452.  As  to  the  strength  of  timber  posts,  aee  Aiti^ 
158,  p.  238. 


^  OP  TUIBEB.  4S1 

Tbe  following  are  eome  general  remarks  as  to  the  different  ways 
in  irhicfa  the  strength  of  timber  is  exerted : — 

L  The  Tenacity  along  the  grain,  depeudiag,  as  it  does,  on  the 
toiarity  rf  the  fibres  of  the  vascular  tissue,  is  on  the  whole  greatest 
m  those  kinds  and  pieces  of  wood  in  which  those  fibres  are 
etnughteat  and  moat  distinctly  marked.  It  is  not  materially 
affected  by  temporary  wetness  of  the  timber,  but  ia  dimiQished 
I7  loog-contiiiTied  saturation  with  water,  and  by  steaming  and 
MQiDg. 

The  tenacity  across  the  grain,  depending  chiefly  on  tbe  lateral 

■dhedon  of  the  fibres,  is  always  considerably  less  than  the  tenacity 

■long  the  grain,  and  is  diminished  by  wetness  and  increased  by 

^"""Ts.    Very  few  exact  experimeuto  have  been  made  upon  it 

laUnesB  m  pine-wood  as  compared  with  leaf-wood  forms  a 

d   distiDctioa  between  those    two   classes  of    timber,   the 

tion  which  it  bears  to  the  tenacity  along  the  gi-ain  having 

Dund  to  be,  by  some  eicperiments, 

In  pine-wood,  from  l-20th  to  1-IOth, 

In  leaf-wood,  from  l-6th  to  l-4th,  and  upwards. 

The  Eesiotawce  to  Shbariso,  by  sliding  of  the  fibres  on 
other,  is  the  same,  or  nearly  the  same,  with  the  tenacity 
the  giain.     Aa  to  shearing  across  tiie  grain,  see  Article  322, 

,  The  Resistaxce  to  Cbushino  along  the  grain,  depending, 
does,  on  the  resistance  of  the  fibres  to  being  crippled  or 
t,"  and  split  asnnder,  is  greatest  when  their  lateral  adhesion 
it«at,  and  has  been  found  by  Mr.  Hodgkinaon  to  be  nearly 
as  great  for  dry  timber  as  for  the  same  timber  ia  tbe  green 
In  most  kinds  of  timber,  when  dry,  it  ranges  from  one-half 
-thirds  of  the  tenacity  (p.  236). 

■erimeots  have  been  made  on  the  crushing  of  timber  across 
UD,  which  takes  place  by  a  sort  of  shuaring;  but  they  have 
i  to  any  precise  result,  except  that  the  timber  is  both  more 
essible  and  weaker  against  a  transverse  than  against  a 
idinal  pressure;  and  consequently,  that  intense  transverse 
Bsaion  of  pieces  of  timber  ought  to  be  avoided. 
The  MoDPLtra  op  Roptitrb  of  timber,  which  expresses  its 
nee  to  cross-toreaking,  is  usually  somewhat  less  than  its 
■y,  bnt  seldom  mach  less.  (See  Article  162,  p.  252.) 
rhe  Factor  op  Sapeh^y,  in  various  actual  structures  of  cat- 
,  ranges  &om  4  to  14,  and  is  on  an  average  about  10. 
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8UPPLEBCENTABY  TaBLE  OF  PROPERTIES  OF  TiMBER  GROWN  tS  CeTLOH  ; 
SELECTED  AND  COMPUTED  FROM  A  TaBLE  OF  THE  PROPERTIES  OF 
NINETY-SIX  KINDS  OF  TiMBER  BY  MODLIAR  ADRIAN  MeNDIS. 

Modulus  of    Modulus  of   w-s-k*  «# 
TniBKE.  K»tidty  in  Rupt»r.  In    2„^p^' 

lbs.  on  the     lbs.  on  the         .    iha. 
Square  Inch.  Square  Inch. 

Alvidel  {Artocarptis  puhescena),...  1,850,000  12,800  51 

Burute  {Gidoroxylon  Swietenia),  2,700,000  18,800  55 

Caba  Millie  (Ft^eo?  aZ^is^Tna ?),...  2,000,000  13,900  56 
Caluvere.     See  "  Ebony." 

Cos  {ATU>ixi/rpiL8  irUegHfolicC), 1,810,000  it,ooo  42 

Ebony  or  Caluvere  (Diospvros )         >-  ^    _ 

£lLm), !^...f    ^.360,000     13,000  71 

Gal  or  Hal  Mendora  (Vateria  ]    ^  ^ 

8p.—1) /    1,530,000     13,300  57 

Hal  Milile  {Bern/a  Ammcmilla),  970,000     15,200           48 
Ironwood.     See  "  Naw." 
Jaok.     See  "  Cos." 

Mee  {Bdssia  longi/oUa\ i  ,880,000     1 3,000           6 1 

Meean  Milile  ( Vitex  cUtissima), . . .  2,040,000     1 4, 200           56 

"NsiW  (Mesua  Nagalia), 2,580,000     17,900            72 

Palmira.     See  "  TaL" 

Teloo  {Minmsops  Jiexandra), 2,430,000     18,900            63 

Satinwood.     See  "  Burute." 

^or'iysk  {Tfiespesia  populea)^ 2,610,000  12,700  42 

Tal  {BaroMUB  fia]M%f<yrmi&\ 2,810,000  14,700  65 

Teak  {l^ectona  grandis)^ 2,800,000  1 4,600  55 

Additional  Data  from  the  Experiments  of  Captaeh  Fows.::. 
RR,  Captain  Mayne,  R.E.,  and  Modliar  Mends. 

Teak  from  Jobore  (Malay  Peuiusula),  1 9,400 

Teak  from  Cocbin-Cbina, 1,990,000  12,100  44 

Teak  from  Moulmein, 1,900,000  11,520  42 

Iroxi-hsiYkiEucalyptua — ?)from  )         , 

Austrelia, .....: }      ^^^.ooo  24,400  64 

Iron-bark,  rougb-leaved, 1,157,000     22,500  64 

JaiTab.     See   "  Austi-alian  Ma- 

liogany,"  in  Tables  at  end  of 

volume. 


Stringy-bark   {Eucalyptvs   gi-  \ 

gantea)  from  Australia, /    1,709.000 
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•f  Tiwher. — The  following  table  shows 
;ive  prices  of  difierent  kinds  of  timber 
.  Sueaian  Red  Fine  being  taken  as  the 


Yellow  Pine, 0'9i  to  0'93 

Eed  Pine, 0-92  to  i-oo 

Beech, 117 

Elm, I  17 

Ash, I '56 

Oak — from  old  ships, 0-7  j 

and  upwards. 

„   Canadian, i'o8 

„   British — according  to  size, i'33  to  a-oo 

Teak— Afiican, r8o 

„  ,     Indian, 2-60 

Mahogany, from  !■ 

to  5  4 

Section  IL — Of  Joints  and  Fatteninga  in  Carpentry. 

313.   Clnuiacallan  bh4  Oneral  Prliivlplra. — The  joints,    or   SUr- 

&<«s  at  wbicb  the  pieces  of  timber  in  0.  frame  of  carpentry  touch 
each  other,  and  the  fatteninga  which  connect  those  pieces  together, 
are  of  various  kinds,  according  to  the  relative  poaitiona  of  the 
pieces,  and  the  forces  which  they  exert  on  each  other.  Jointa 
have  been  classed  by  Bobison  and  Tredgold;  and  those  authors  are 
Terr  nearly  followed  in  the  following  classification,  which  will  be 
the  better  understood  by  refening  to  the  previous  portion  uf  this 
work  which  relates  to  framework  in  general,  viz. : — Part  II., 
Chapter  I.,  Section  IV.,  Articles  111  to  122,  pp.  173  to  185;— 

I.  Joints  for  iengtbening  ties, 
IL  Joints  for  lengthening  stmts. 

III.  Joints  for  lengthening  beams. 

IV.  Joints  for  supporting  beams  on  beanu. 
V,  Joints  for  supporting  beams  on  posts. 

VL  Joints  for  connecting  struts  with  ties. 

FaaUnitiga  may  be  classed  as  follows : — 

Pins,  including  treenails,  nails,  spikes,  screws,  and  bolts; 
fastenings  wMch  are  exposed  principally  to  ahearing  and 
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II.  Straps  and  tie-bars,  including  iron  Btirraps  and  suspendiDg- 
rods,  being  fastenings  which  are  exposed  prindpallj  to  tensioiL 

III.  Sockets. 

In  designing  and  executing  all  kinds  of  joints  and  fastenifigs, 
the  following  general  principles  are  to  be  adhered  to  as  doselj  as 
may  be  practicable : — 

I.  To  cut  the  joints  and  arrange  the  fastenings  so  as  to  weaken 
the  pieces  of  timber  that  they  connect  as  little  as  possible. 

II.  To  place  each  abutting  surface  in  a  joint  as  nearly  as  p06siU« 
perpendicular  to  the  pressure  which  it  has  to  transmit. 

III.  To  proportion  the  area  of  each  such  surface  to  the  pressnrt 
which  it  has  to  bear,  so  that  the  timber  may  be  safe  against  isjniT 
under  the  heaviest  load  which  occurs  in  practice;  and  to  form  and 
fit  every  pair  of  such  surfaces  accurately,  in  order  to  distribute  the 
stress  uniformly. 

lY.  To  proportion  the  fastenings,  so  that  they  may  be  of  equal 
strength  with  the  pieces  which  they  connect. 

Y.  To  place  the  fastenings  in  each  piece  of  timber  so  that  tkcre 
shall  be  sufficient  resistance  to  the  giving  way  of  the  joiat  by  the 
listenings  shearing  or  crushing  their  way  through  the  timber. 

314.  Leui^h^Bing  Ties  is  performed  by  fiahing  or  by  ioaifi^ 
In  a  fished  joint  the  two  pieces  of  the  tie  abut  end  to  end,  and  are 
connected  together  by  means  of  "  fish -pieces"  of  wood  or  iwn 
which  are  bolted  to  them;  in  a  scarfed  joint  the  ends  of  titetvo 


■| i IL 


^ *■ 


i:u 


Fig.  187. 


Fig.  188. 


I^m      — 


Fig.  189.  Fig.  190. 

pieces  of  the  tie  overlap  each  other.  Fig.  187  is  a  fished  joint; 
figs.  188,  189,  and  190  are  called  scarfs;  though  in  figs.  188  and 
190  the  ties  are  in  fact  fished  with  iron  as  well  as  scarfed. 

In  a  plain  fislied  joint  the  fish-pieces  have  plane  sutfaoea  next 
the  tie,  so  that  the  connection  between  them  and  the  tie  for  the 
transmission  of  tension  depends  .wholly  on  the  strength  of  ^ 
bolts,  together  with  the  friction  which  they  may  cause  hj  prtfs^ 
the  fish-pieces  against  the  sides  of  the  tie.  The  tie  is  only  weakened 
80  far  as  its  effective  sectional  area  is  diminished  by  the  b(dt-hol& 
^e  joint  seddonal  area  of  the  fish-piex^s  should  be  equal  to  thai  of 
the  ties.  The  joint  sectional  area  of  the  bolts  should  beat  least 
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eft  after  cutting  the  bolt-bolea ;  and  the 
ber  than  round  The  bolt-holea  should 
d  at  such  distances  from  the  ends  of  the 
e  joint  area  of  both  sides  of  the  layer  of 
ed  out  of  one  piece  of  the  tie  before  the 
end,  shall  be  as  much  greater  than  the 
;he  tenacity  of  the  wood  is  greater  than 
IS  to  which  proportion,  aee  Article  312, 
ulatcs  the  places  of  the  bolt-holes  in  the 

arts  of  the  tie  may  also  be  connected  by 
s  of  fig.  187,  or  by  joggles  or  keys,  as  at 
Hgure.  In  either  case  the  effective  area 
le  cutting  of  the  indents  or  of  the  key- 
ea  of  abutting  surface  of  the  indents,  or 
1  sufficient  to  resist  safely  the  greatest 
le  tie;  and  their  distances  from  the  ends 
!  parts  of  the  tie  should  be  sufficient  to 
F  the  same  force  to  shear  off  two  layers 

ed  with  plates  of  iron,  due  regard  being 
ty  of  the  iron  in  fixing  the  proportiona 
[1  fish-plates  may  be  indented  into  the 
ts  a  joint  in  which  the  parts  of  the 
ither,  and  at  the  same  time  fished  with 
ited  into  the  wood  at  the  ends. 

.^, ^ carfed  joint  for  a  tie,  which  will  hold 

vithout  the  aid  of  bolts  or  straps.  At  C  ia  a  key  or  joggle 
of  some  hard  kind  of  wood,  which  is  wedged  in  so  as  to  tighten  the 
■oint  moderately.  The  depth  of  the  key  ia  one-third  of  the  depth 
if  the  beam-  It  is  evident  that  this  joint,  as  shown  in  the  figure, 
las  only  one-third  of  the  strength  of  the  solid  timber  tie;  but  its 
trength  may  be  couMderahly  increased  by  bolting  on  iron  fiah- 
itatea  at  A  and  B. 

Fig.  190  shows  a  scarfed  joint  with  several  keys,  which  should 
lU  be  driven  equally  tight.  It  is  also  fished  with  iron  platea, 
udented  into  the  wood  at  the  ends. 

Uie  following  practical  rules  are  given  by  Tredgold  for  the  pro- 
urtion  which  ihe  length  of  a  scarf  (between  A  and  B  in  eodi  of 
ite  figures)  shoold  bear  to  the  depth  of  the  tie : — 

Without  With    WtUi  Bolu 

fiolu.  Bolu.  ind  IndcDU. 

Leaf-wood  (as  Oak,  Aah,  or  Elm),....     (>  3            2 

Fine-wood, 12  6            4 
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315.  JLeagtheninff  Sinita. — At  each  joint  in  a  post,  {Hilar,  or 
other  strut,  the  two  pieces  should  abut  against  each  other  at  a 
plane  surface,  perpendicular  to  the  direction  of  the  thrust;  and  to 
keep  them  steady  they  may  either  be  iished  on  all  four  Bides, 
or  have  their  abutting  ends  enclosed  in  an  iron  socket  made  to  fit 
them.  Joints  in  struts  ought  if  possible  to  be  stayed  latenllj. 
(As  to  the  strength  of  timber  struts,  see  Article  158,  p.  238). 

31G.  ijcngOieiiiug  Keamn  may  be  performed  either  by  fisbiiigor 
by  scarfing;  and  in  either  case  the  joints  should  as  far  as  practicable 
be  placed  where  the  bending  moment  is  smalL  The  constroctioa 
of  the  joints  should  be  the  same  with  that  of  joints  for  lengthening 
ties,  with  the  following  qualifications : — 

I.  At  the  compressed  side  of  the  beam,  its  two  pieces  should 
have  a  square  abutment  against  each  other;  hence  oblique  soifaces, 
such  as  those  in  fig.  189,  are  to  be  avoided. 

II.  The  surfaces  of  the  scarf  ought  to  be  parallel  to  the  direction 
of  the  load;  (that  is  to  say,  in  general,  vertical:  so  that  in  6gs. 
188  and  190,  the  plane  of  the  paper  sliall  represent  a  horizontal 
plane) ;  for  it  was  found,  in  experiments  by  Colonel  Beaufoy,  tkt 
a  scarfed  beam  was  stronger  with  the  scarf  "  up  and  down"  than 
"  flatwise."     (See  Barlow  On  tfie  Strengt/i  of  Timber^  Article  71.) 

317.  Notching  Beams. — When  a  joist  or  cross-beam  has  to  be  sup- 
ported on  a  girder  or  main  beam,  the  method  which  least  impain  the 
strength  of  the  main  beam  is  simply  to  place  the  cross-beam  above 
it ;  a  shallow  notch  being  cut  on  the  lower  side  of  the  cross-bean, 
so  as  to  fit  the  main  beam. 

318.  IVIortislns   Beams — Slioaldercd  Tenoa. — ^When  the  space  ii 

not  sufficient  to  admit  of  placing  the  cross-beam  above  the  main 
beam,  the  connection  may  be  made  by  means  of  a  mortise  and  iemm 
joint;  the  tetwn  being  a  projection  fix>m  the  end  of  the  croas-bciBit 
and  the  Jtiortise,  a  cavity  in  the  side  of  the  main  beam,  cat  so  ai 
exactly  to  fit  the  tenon.  The  tenon  may  be  fixed  in  its  place  bv 
means  of  a  pin,  or  of  a  screw.  It  is  evident  that  in  order  t»» 
weaken  the  main  beam  as  little  as  possible,  the  mortise  should  be 
cut  at  the  middle  of  its  depth,  so  that  the  centre  of  the  mortise 
may  be  at  the  neutral  axis  of  the  beam. 

To  find  in  what  proportion  a  beam  is  weakened  by  a  plain 
rectangular  mortise  cut  in  the  position  above  prescribed,  let  A  be 
the  depth  and  b  the  bi*eadth  of  the  beam,  h'  the  depth  of  the 
mortise,  and  b'  the  distance  to  which  it  penetrates  into  the  beam; 
then  the  beam  is  weakened  in  the  following  ratio : — 

h  Jfi  —  b'  A'3  :  b  h\  (I) 

(See  Article  162,  pp.  249  to  253.) 

To  keep  a  cross-beam  steady  in  its  proper  portion,  a  tec^'^ 


UOKTISES  AND  TENONS — POST  AND  BEUI  JOINT! 

reqitires  leagth;  to  bear  its  share  of  the  load,  it  req 
but  a  tenoQ  at  ouce  long  and  deep  would  too  much 
main  beam.     To  avoid  tl)is  difficulty  the  eJumldend  U 
M  Bhowu  iu  fig.  191.     A  is  a  cross-sectioa  of  a 
tnaiD  beam;  B  is  oue  end  of  a  cross-beam.     0  is     — 
ilie  ihoulder,  which  bears  the  load  of  that  end  of     ^ 
the  cross-beam,  and  penetrates  into  the  side  of  the 
tuaiii  beam  for  a  dis^nce  of  ooe-aixth  of  the  depth     — 
of  the  CTosa-beam  or  thereabouts;  the  depth  of  the 
nhoalder  below  the  upper  side  of  the  cross-beam 
is  about  two-thirds  or  three-foarths  of  the  total  de' 
'jeam.     D  is  the  tenoa  proper,  whose  depth  is  only 
(hat  of  the  cross-beam,  while  its  length  is  about  doubl 
depth.    Ita  use  is  to  give  the  joint  sufficient  hold,  b( 
Rhail  be  no  risk  of  the  shoulder  being  dislodged  from 
the  mortise. 

ilortises  cut  by  hand  are  alwaj'a  i-ectangular.  Tl 
machinery  are  made  by  a  boring  tool,  so  that  alt 
loDgest  sides  are  plane,  their  ends  are  aemicylindrical; 
to  tit  them  must  be  cut  of  the  same  shape. 

319.    Phi  and  Kuoi  JalaU. — To  support  the  Ccd  of 

beam  at  oue  side  of  a  post,  a,  shouldered  mortise-and-t( 
to  be  used.  The  shoulder  should  be  like  that  on  the 
croes-beant  in  fig.  1^1;  but  the  long  tenoa  should  Im 
have  its  narrowest  dimension  horizontal,  in  order  that 
for  it  may  weaken  the  post  as  little  as  possible. 

When  the  beam  is  to  rest  on  the  toj)  of  the  post,  tl 
be  Becured  simply  by  means  of  a  small  tenon  in  the  ci 
top  of  the  post  fitting  into  a  mortise  in  the  under 
Wm;  but  there  are  other  method.",  two  of  which  a 
fig.  192.     B  B  is  the  beam.     A  is  a  post,  the  top  of  wl 

into  a  shallow  rectangular  notcii  in      

the  under  side  of  the  beam,      That      "        ,,~^ 

notch  does  not   extend  completely  'j     |" 

ecroas  the  beam,  but  is  divided  into  '  e  ' 

two  parts  by  a  briiUe,  of  about  one-  ^'S-  ■' 

ufth  of  the  breadth  of  the  beam,  which  is  left  uncut  ii 
cf  the  notch.  To  receive  the  bridle,  a  groove  of  the  s 
is  cut  in  the  middle  of  the  top  of  the  post,  as  indi( 
dotted  line  C  D.  The  post  E  is  also  fitted  into  a  note 
joint  F  G,  the  only  difference  being  that  the  figure  of 
the  under  side  of  the  beam  ih  an  obtuse  angled  triangle 
rectangle.  This  last  form  is  recommended  by  Tredgo! 
recommends  a  joint  of  the  same  class,  in  which  the  t 
under  aide  of  the  beam  has  the  figure  of  a  circular  ai 
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the  experiments  of  Mr.  Hodgkinson  on  the  strength  of  fiatrendfid 
and  round-ended  pillars,  it  must  be  inferred  that  this  conatrudioii 
would  weaken  the  post.     (Article  158,  pp.  236  to  238.) 

The  same  joints  are  applicable  to  the  case  in  which  a  post  ii 
supported  on  a  beam. 

320.  sirac-and-Tie  JToinis. — A  sbrut  and  a  tie  meeting  at  in 
oblique  angle  are  to  be  connected  by  means  of  a  shoulder  on  the 
end  of  the  strut,  fitting  into  a  notch  in  the  side  of  the  tie,  to 
ti^nsmit  the  pressure,  and  of  a  tenon  on  the  strut  fitting  into  a 
mortise  in  the  tie,  or  a  bridle  on  the  tie  fitting  into  a  groove  in  ^ 
shoulder  of  the  strut,  to  keep  the  joint  steady.  Such  joints  ut 
exemplified  in  figs.  193  and  194,  in  each  of  which  £  repi^esenisa 
tie-beam  and  A  the  foot  of  a  strut  or  rafter.  C  D  is  the  ^toidder  of 
the  rafter,  fitting  into  a  notch  in  the  tie-beam,  and  having  a  plftoe 
fiur£EU)e,  which  in  fig.  193  has  a  depth  equal  to  half  of  the  depth  of 
the  rafter,  and  bisects  the  obtuse  angle  between  the  directions  of 
the  tie-beam  and  rafter;  while  in  fig.  194  it  is  perpendicdar  t» 


Fig.  193.  Fig.  194. 


the  length  of  the  rafter,  and  of  somewhat  more  than  half  its  depth. 
In  fig.  193  the  dotted  lines  at  F  represent  a  tenon  and  morUtet 
whose  breadth  is  one-fifth  of  that  of  the  rafter.  In  ^g.  194,  ^ 
dotted  line  C  F  shows  the  upper  surface  of  a  bridUj  left  uncut  ii 
the  middle  of  the  breadth  of  the  notch  C  D  F  in  the  tie-beam,  aad 
fitting  into  a  groove  in  the  shoulder  of  the  rafter.  The  breadth  d 
the  bridle  is  one-fifth  of  the  breadth  of  the  tie-beam. 

In  making  each  of  those  joints,  care  must  be  taken  that  the 
length  of  the  fibres  left  between  the  notch  C  D  and  the  end  £  of  th« 
tie-beam  is  sufficient  to  i<esist  safely  the  tendency  of  the  loa^ 
tudinal  component  of  the  thrust  against  the  notch  to  shear  thea 
off;  that  is  to  say,  let  H  be  that  component  of  the  throat  of  the 
rafter,  b  the  breadth  of  the  tie-beam  in  inches,  I  the  dhstance  ii 
inches  from  the  notch  to  the  end  of  the  tie-beam,  /*  the  resisiinee 
of  the  wood  to  shearing,  a  a  factor  of  safety;  then 

'-r^ ^-^ 


According  to  Tredgold,  4  is  a  sufficient  value  for  s  in  this 
and  henoe,  taking  f  at  600  lbs.  per  square  inch  for  fifi  and  i^ 
lbs.  per  square  inch  for  oak^  we  have 


;  = 


lo0  6' 


!«re  by  binding  the  r 
a  dii-ection  making 
!.  The  chief  object  < 
the  end  of  the  tie  ehi 

jf  carpentry  are  calls 
Is  and  Queen-po»ls,  a  1 
I  centre  of  a  frame,  an 
aitions.  A.  suspeadi 
■,wo  atruta  or  rafters, 
.  or  the  ends  of  one 

d  with  a  Buapendiog 
aide,  or  against  a 
of  the  Buspendiug  pi 

^tch  or  shoulder  from 

of  the  piece  ia  to  be  determined  by  the  formulcc  nf  the  i 
'iticle.  Wben  a  single  suspending  piece  supports  a  bea 
wer  end  they  are  connected  by 
leans  of  an  iron  stirrup. 
A  better  method  is  to  make  sus- 
ending  pieces  in  pairs,  so  that  the 
ifters  from  irhich  they  hang  may 

bnt  between  them  directly  against  -^       , 

ich  other,  as  shown  by  the  cross-  'y' 

!ction  fig.  195,  and  the  side  view 
g.  196.  C  and  F  are  the  ends 
f  a  pair  of  rafters  abutting  against      ...        ,  _ 

whether;  A  and  B  the  upper  ends      *"^  '**■  '^'^ 

fa  pair  of  suspending  pieces,  notched  upon  the  rafters,  ai 
>  each  other  through  the  blocks  or  filling-piecea  D  an 
lese  figures  be  turned  upside  down  they  wUl  represent  t 
)ds  of  a  pair  of  suspending-pieces,  forming  a  wooden  sti 
le  Bopport  of  a  beam,  or  of  the  ends  of  a  pair  of  struts,  as 
layhe. 

322.  piM«— xree^iu. — Wooden  pins,  as  fastenings  fo 
hen  of  laige  diameter,  are  known  as  treenaili.  Exp 
ae  been  made  on  their  resistance  to  a  cross  strain  by  Mr. 
T  the  details  of  which,  see  Murray  On  Ship-building;  tk 
lay  he  saiiimed  np  with  sufficient  exactness  for  practical 
r  saying— 
L  That  tlie  ultimate  resistance  of  English  oak  ireea 
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shearing  stress  across  the  grain  is  about  4^000  lb&  per  square  bdi 
of  se'jiion, 

II.  That  in  order  to  realize  that  strength,  the  planks  coDnecteJ 
by  the  treenails  should  have  a  thickness  equsil  to  about  three  times 
the  diameter  of  the  ti-eenails. 

323.  liwuu  and  Spikcti. — Where  nails  are  exposed  to  anj  con- 
siderable strain  those  made  by  hand  should  be  used,  as  thej  ue 
stronger  than  those  made  bj  machinery. 

The  weight  in  lbs.  of  a  thousand  of  the  "flooring  hrwfa' 
commonly  used  in  carpentry  may  be  roughly  computed  hy  takiog 
ttoice  t/ie  sqitare  o/ their  length  in  inches. 

The  nails  or  spikes  used  for  fastening  planks  to  beams  an 
usually  of  a  length  equal  to  from  twice  to  twice  and  a-half  tbe 
thickness  of  the  planks. 

The  following  are  the  results,  as  stated  by  Tredgold,  of  experi- 
ments by  Bevan  on  the  force  required  to  draw  nails  of  different 
sizes  out  of  Dry  ChrisUania  Deal,  into  which  they  had  been  drivea 
to  diflei-ent  depths  across  the  grain: — 

it:  J    *v  M-  Length.  No.  to        Inches      .    ._^ 

iDches.  the  Lb.       dnven.        r. 

Sprigs, 0*44         4,5<>o         0*4  22 

, 053  3»2oo  044  37 

Threepenny  brads,  1*25  618  0*50  58 

Cast  iron  nails,  .. .  i*oo  380  0*50  72 

Fivepenny     nails,  2*00  139  1-50  320 

Sixpenny  nails, .. .  2*50  73  i*oo  187 

f,             ...  250  73  1-50  327 

„              ...  2-50  73  200  530 

So  far  as  these  results  can  be  expressed  by  a  general  law,  tli<T 
seem  to  indicate  that  the  force  required  to  draw  a  nail,  driven 
across  the  grain  of  a  given  sort  of  wood,  varies  nearly  as  the  cubeff 
tJte  square  root  of  ike  depth  to  whidh  it  is  driven;  and  that  it 
increases  with  the  diameter  of  the  nail,  but  in  a  manner  whidL 
has  not  yet  been  expressed  by  a  mathematical  law. 

The  following  are  the  results  of  Bevan  s  experiments  on  the  ifxc$ 
required  to  draw  a  "sixpenny  nail"  of  73  to  the  lb.,  whidikii 
been  driven  one  inch  into  different  sorts  of  timber: — 

Deal,  across  the  grain, 187  lb&  (as  aboT&) 

Oak,  „  507    „ 

Elm,  „  327    ,, 

Beech,  „  667    „ 

Green  Sycamore,     „     312    „ 

Deal,  endwise, 87    „ 

'  » -^7     f^ 


iqnired  to  draw  asunder 
.  the  lb. :— 
Jizlb. 

1430  „ 

wer  of  Bcrew-nailM,  or 
I  -nearly  to  tho  produi 
lepth  to  which  it  is  acn 
results  of  Sevan's  exp 
required  to  draw  8cre> 
rews  being  0-23  inch  in 
>f  thread,  with  12  thret 

460  to  990  lbs. 

760    „ 

770    » 
665    „ 

830    „ 

— The  rales  for  projMrtioning  bo 
withstand  a  sbeating  Btress  in  carpentry  have 
ted  in  Article  314,  p.  i55. 

ides  of  ft  piece  of  timber  should  always  bo  protects 
hing  action  of  the  head  and  nut  of  a  bolt  by  mea 
lied  "  washers;"  the  area  of  each  washer  being  i 
nea  greater  than  the  sectional  area  of  the  bolt  as  th 
lit  is  greater  than  tho  resistance  of  the  timber  to 

0  say,  for  fir  the  diameter  of  the  washer  may  be  m 

1  the  diameter  of  the  bolt,  and  for  oak  about  2^  t: 
1  a  bolt  is  oblique  to  the  direction  of  the  beai 
s,  the  timber  may  either  have  a  notch  cut  in 
perpendicular  to  the  bolt,  to  bear  the  presaut 
or  it  may  be  notched  to  receive  a  beveUed  washi 
le  of  whose  aurfaces  fits  tlie  notch  in  the  woi 

being  perpendicular  to  tho  axis  of  the  bolt, 
1  of  the  nut  or  head,  as  the  case  may  be. 
erews  of  bolts  are  usually  made  of  the  ibllowing  pr 
yao:  the  depth  of  the  thread  one-tenth,  and 
1  of  the  internal  diameter.  A  bolt  which  has  U. 
i  may  be  made  fast  by  having  a  slot  or  obloug  hoh 
,  tbrongh  which  a  key  or  wedge  is  driven, 
■•*■  frmpa  are  used  nearly  in  the  same  manner  t 
pieces  of  timber  together.  They  have  the  advant 
)g  so  much  of  the  timber  to  be  cut  away  as 
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Acoordiog  to  the  usual  proportions  of  straps  the  breadth  nuges 
from  four  times  to  eight  times  the  thickneB&  When  a  strap  hss 
eyes  in  its  ends,  for  bolting  them  to  the  sides  of  a  beam,  it  oogfat 
to  be  either  broadened  or  thickened  round  each  eye,  bo  that  the 
sectional  area  of  the  iron  may  be  at  least  as  great  at  the  sides  of 
the  eye  as  in  other  parts  of  the  strap.  When  a  strap  is  to 
embrace  completely  a  piece  or  pieces  of  timber,  it  may,  wLen 
practicable,  be  welded  into  a  rectangular  hoop,  and  driven  on 
from  one  end  of  the  timber;  but  when  that  is  impracticable  or 
inconvenient,  it  must  be  made  with  screws  on  its  ends,  of  the  same 
sectional  area  with  its  flat  part>  upon  which  screws  a  cross-piece  is 
to  be  made  fast  with  nuts. 

327.  A  Stfrrap  is  a  strap  which 
supports  a  beam,  or  sustains  the 
thrust  of  one  end  of  a  strut  H 
the  tie  or  suspending  piece  is  of 
wood,  the  ends  of  the  stirrup  are 
bolted  through  it;  if  of  iron,  the 
.  stirrup  and  tie,  or  suspending  rod, 

Fig.  197.  j^j^  usually  welded  into  one  piece; 

328.  Iron  Tie-Rods  may  be  used  instead  of  timber  ties  and  soi- 
pending  pieces  in  all  these  parts  of  a  frame  of  carpentry  in  which 
tension  alone  is  to  be  borne,  and  is  not  combined  with  a  bendifig 
action,  nor  alternated  with  thrust.  They  may  be  connected  with 
the  timber  pieces  of  the  frame  by  means  of  screws  and  nuts,  erta 
and  bolts,  slots  and  wedges,  stirrups  or  sockets;  and  they  should 
be  capable  of  being  tightened  when  required,  by  means  of  screws 
or  of  wedges.  Care  must  be  taken  that  the  points  of  attachment 
of  the  ends  of  a  long  iron  tie-rod  are  free  to  change  their  distance 
from  each  other  to  an  extent  sufficient  to  allow  of  the  changes  oC 
length  of  the  rod  which  are  produced  by  changes  of  temperataie; 
at  the  rate  of  about 

•0012  of  the  length  of  the  rod,  for  180**  of  change  of  temperatnie 
on  Fahrenheit*s  scale. 

329.  Iron  sockcu,  made  to  fit  the  ends  of  pieces  of  timber, 
furnish  a  convenient  means  of  making  various  joints  in  framew<»^ 
especially  at  points  where  struts  meet  each  other,  or  have  to  be 
connected  with  tie-rods.  If  thrust  alone  is  to  be  borne  bf  the 
socket,  cast  iron  is  the  most  convenient  material ;  if  any  oonsidB^ 
able  tension  is  to  be  borne,  strong  wrought  iron  plates  are  best 

330.  Protection  of  Iron  FnMeninipi> — ^Xhe  iron  fastenings  « 
timber,  especially  if  in  contact  with  oak,  rust  very  rapidly  nnl* 
properly  protected.  Amongst  the  most  efficient  means  of  |i** 
tection  are  the  following : — 
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illy  if  the  pieces  of  iron  have  first 
:  of  meltiag  lead. 

roa  to  the  temperature  of  melting 
es,  while  hot,  with  cold  Unseed  oil, 
'  vamiBh.     Thia  is  recommended  by 

,  ■which  muat  be  renewed  from  time 
JOBS  is  a,  good  preparation  fur  paint- 

imonlf  called  galvanizing.  This  is 
Meed  to  acids  capable  of  dissolving 
i  by  sulphuric  acid  in  the  atmoa- 
il  is  burned,  and  by  muriatic  acid  in 
(See  p.  793.) 

nbar  Built  Beamt  and  JRiba. 
BbIIi    BnoiB.  —  In   %.    19S   two 

0  one  beam  of  double  Uie  dcptli  of 
>&keyt 

tearing     pft 1 — * — 4 — &-  -^ — * — i^ 

itween  ^     igg, 

;ey  nor 

pofthe^ian;  because  in  general  thcro 

1  also  because  the  bending  monnent 
■e,  and  it  is  desirable  to  weaken  the 
e.  The  grain  of  the  keys  should  run 
gold,  the  joiut  depth  of  all  the  keys 
'tiiird  the  total  depth  of  the  beam, 
lonld  be  twice  its  depth. 

at  the  neutral  surface  is  equivalent 
te-,Vx    '>.    '-t. <f    Jf    <*   ft 


••'*/■■*/ 


Fib'.  199. 
J  best  position  for  the  keys  would  be 
fibres  being  made  to  elope  in  the 
he  bolts  being  made  to  slope  in  the 
kis,  however,  so  far  as  I  know,  has 

of  which  the  beam  is  built  are  in- 
irifice  of  depth  being  thus  incurred 
lent  The  abutting  surfaces  of  the 
B  upper  piece,  and  inwards  in  the 
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lower,  so  as  to  resist  the  tendency  to  slide.     According  to  experi- 
ments by  Duhamel,  the  joint  depth  of  the  indents  should  amount 

to  tvxhtliirds  of  the  total  depth 
of  the  beam.  The  beam  in  the 
figure  is  slightly  tapered  from 
the  middle  towards  the  ends, 
in  order  that  the  hoops  vhidi 


Fig.  200. 


are  used  to  bind  it  may  be  put  on  at  the  ends  and  driven  tight  vHli 
a  mallet. 

When  a  beam  is  built  of  several  pieces  in  length  as  well  as  in 
depth,  they  should  break  joint  with  each  other.  The  lower  layer 
should  be  scarfed  or  fished  like  a  tie  (Article  314,  p.  454),  and  the 
upper  layer  should  have  plain  butt  joints.  The  upper  layer  ©fa 
built  beam  is  sometimes  made  of  hardwood,  and  the  lower  layer  of 
fir,  in  order  to  take  advantage  of  the  resistance  of  the  former  to 
ciTishing  and  the  tenacitv  of  the  latter. 

332.  Beat  Ribs  are  sometimes  obtained  from  natundiv  bent 
pieces  of  timber,  called  "  knees." 

Naturally  straight  pieces  of  timber  may  be  permanenUy  bent  by 
steaming  them  until  the  wood  is  softened,  and  while  in  that  otm- 
flition  bending  them  by  combinations  of  screws,  and  keeping  them 
bent  until  they  dry  and  stiffen.  By  thi*  process  there  is  a  risk  of 
injuring  the  tenacity  of  the  fibres  at  the  convex  side  of  the  piece, 
unless  they  are  prevented  from  stretching  by  the  following  on- 
trivance  (see  ^g,  201): — A  A  is  the  piece  of  wood  to  be  bent  Iti 
ends  abut  against  the  bent  parts  of  a  strip  of  boiler-plate  B  B. 

which  has  two  eyes  C  C, 
that  are  drawn  together  by 
a  pair  of  tightening-acrevi 
at  D  till  the  required  ca^ 
vature  is  produced.  The 
whole  of  the  fibres  of  the 
timber  are  compressed,  and 
none  of  them  have  their  tenacity  injured;  and  it  is  found  l-y 
experiment  that  bent  ribs  made  in  this  way  are  as  strong  as 
natural  knees. 

333.  B«iit  mm»  i» 
best  made  by  a  method 
invented  by  Philibot 
de  rOrme,  and  pe|«- 
sented  in  tigs.  201203, 

and  204.     Fig.  203  i» 
a  side  view,  and  fy 
*'•«•  203.  203  a  plan  of  a  nh 

made  of  severul  layei-s  of  pknks  set  on  edge,  breaking  joint  witk 


Fig.  201. 


Fig.  202. 
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Fig.  201. 


eaeh  other  (as  the  pkn  shows),  and 
connected  tc^ether  by  square  bolts  or 
▼edge& 

In  fig.  202  the  edges  of  the  planks 
are    sapposed    either    to    have   been 
oiigmally  curved,   or    have    had    the 
corncra  smoothed  off:  in  fig.  204  it  is  shown  how  they  may  be 
used  with  straight  edges. 

A  built  rib  of  this  sort,  properly  constructed,  is  nearly  as  strong 
as  a  solid  rib  of  the  same  depth,  and  of  a  breadth  less  by  the  thick- 
ten  ci[  one  layer. 

334.  ijmmimmMicA  wuhm  are  composed,  as  in  fig.  205,  of  layers  of 
plank  laidJlatwUe,  breaking  joint 
and  bolted  together.  They  are 
easily  made,  and  veiy  often  used 
in  bridges  and  roofs;  but  the  ex- 
periments of  Ardant  have  shown  -  pi_  20A. 
that  they  are  weaker  than  solid 
ribs  of  Uie  same  dimensions,  nearly  in  the  ratio  of  unity  to  the 
nmnber  of  layers  into  which  they  are  divided* 
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335.  CtaMMl  RoMurks  mn  the  BalaMce,  BtiOillltf,  mod  StMaglh  •£ 

TiMkcr  FniHiia9» — ^The  general  principles  of  the  balance  and  stability 
of  irames  and  ribs  of  any  material,  alr^y  given  in  Part  IL,  Chapter 
L,  Seetion  IV.,  pp.  173  to  203,  and  the  general  principles  of  the 
strength  of  materials,  given  in  the  same  chapter.  Section  V.,  pp. 
S21  to  314,  serve  to  solve  all  problems  relating  to  the  balance, 
stability,  and  strength  of  structures  in  carpentry.  In  the  present 
BBction  it  will  only  be  necessary  to  add  some  explanations  of 
matters  of  detail  in  those  particular  cases  which  occur  most 
frequently  in  practice.  In  fixing  the  transverse  dimensions,  or 
**  tocmUings,*^  of  the  main  pieces  of  timber  which  compose  a 
stmcture  of  carpentry,  made  of  good  pine,  fir,  or  oak,  it  is  usual  to 
Hmit  the  greatest  intensity  of  the  stress,  whether  compressive  or 
tensile,  to  1,000  Iba.  per  sqttare  inch  of  section;  and  when  this  is 
cnnpared  with  the  tenacity,  resistance  to  crushing,  and  modulus  of 
niptare,  of  those  kinds  of  timber,  it  appeara  that  the  factor  of 
*>/^y  ranges  from  6  to  14,  or  thereabouts,  and  is  on  an  average  10, 
u  has  been  stated  in  Article  143,  p.  222. 

336.  naiftiMi  of  timber  consist  of  planks  resting  on  beama 
The  beams  upon  which  the  planks  rest  may  either  be  the  main 
lisams  or  gtrdtre  of  the  structure,  or  they  may  be  cross-beams  or 
JNiei,  supported  by  those  girders.     (Articles  317,  S18,  pp.  45(^ 

2b 
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457.)  The  former  mode  of  constaractioii  is  tliat  whioii  enablei  ft 
given  strengtli  to  be  attained  with  the  least  expenditure  of  mtedil 
and  labour  at  the  outset ;  but  the  latter,  in  most  cases,  Lb  the  more 
economical  in  the  end ;  for  although  it  causes  a  greater  ezpendhon 
of  material  in  joists  than  it  saves  by  requiring  thinner  pUnkiii^ 
the  saving  in  the  quantity  of  planking  is  productive  of  tbe  greiteii 
saving  of  expense;  for  the  planking  requires  more  frequmt  reoenl 
than  the  joists. 

It  would  be  foreign  to  the  purpose  of  iJiis  book  to  deeenbe  ti» 
various  modes  of  constructing  the  floors  of  housea  The  tinte 
platforms  with  which  the  civil  engineer  is  chiefly  concenied  an 
those  of  bridges  and  of  fotmdations.  The  latter  inll  be  deicnbed 
further  on. 

The  usual  thickness  of  the  planking  for  the  platform  of  a  bridge 
with  joists  is  from  3  to  4  inches,  the  joists  being  placed  at  distuon 
of  from  2  feet  to  4  feet  from  centre  to  centre.  That  thickneB  bi 
been  found  by  experience  to  be  requisite  in  order  to  withstand  tl» 
shocks,  friction,  and  wear,  to  which  the  planking  is  subjected,  and 
is  in  general  much  greater  than  is  required  for  mere  strength  t» 
support  the  greatest  load  with  safety. 

In  bridges  supporting  railways  where  chairs  are  used,  the  joisii 
are  usually  so  arranged  as  to  be  directly  under  the  chairsL 

The  breadth  of  the  joists  is  from  one-eighth  to  one-quaiterof 
their  distance  apart;  and  their  transverse  dimensions  are  fixed 
with  reference  to  the  greatest  load  upon  them  and  to  thevidth 
which  they  span  over  between  the  girdei's.  For  timba  bridge  and 
platforms  not  carrying  railways,  that  load,  in  lbs,  per  mjpmtfid^ 
platform,  is  nearly  as  follows:— 

Weight  of  a  closely-packed  crowd,  estimated  at    lao  Iba  po  *■!•  ^ 
Add  for  the  planking  and  joists,  say  30  „         » 

Gross  load  for  a  single  wooden  platform, 150  „         » 

If  there  is  a  broken  stone  or  gravel  ioadway,add    100  „         f, 

Making  in  all ^50  •»         » 

When  the  platform  carries  a  railway,  the  Hcantling  of  cadi  joi^ 
mrst  be  regulated  by  the  fact,  that  the  load  on  a  pair  of  danag 
wheels  of  the  heaviest  engine  used  on  the  line  may  rest  above* 
certain  pair  of  points  in  the  joist  Should  the  rails  be  cHhtf 
directly  above  the  girders,  or  so  nearly  above  them  that  ihia  xtda 
gives  a  less  scantling  than  the  former,  the  role  for  platfonw  ^ 
oarrying  railways  is  to  be  followed. 

The  best  mode,  in  general,  of  designing  the  jotrta,  is  to  fix  te 
atio  of  thfi  deptii  to  the  span  willi  a  view  to  atifftwai,  as  «- 
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,  and  then  compute  the  breadth  iriUt 
ess  the  results  of  Uiese  rules  algebr 
nnyiag  railwujs,  let 
intre  to  centre  of  the  joists. 


,..(1.) 


,..(2.) 


iroken  stone  roadways; 


'  plank  roadways; 
vken  stone  roadways. 


rrying  s  railway,  in  which  one  line  of 

air  of  girders  j  let 

ir  of  driving  wheels  of  the  heaviest 

Jrojti  cenin  to  cadre  in  vnchea;  then, 
in  inches. 


(*■) 

inches:  A=  12  inches;  Wi^ 


it  of  the  spikes  to  be  used  for  nuiUng 
rticle  323,  p.  460. 

girders  and  joists,  it  may  be  stiffened 
le  planks  diagonally.  When  separate 
^t  pui-pose,  their  dimensions  should 
I  shearing  stress  which  the  wind  may 
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produce  when  blowing  against  the  side  of  the  structure,  as  cal- 
culated by  the  formula  for  F  in  Case  YI.  of  the  table,  p.  24G.  Tbe 
greatest  intensity  of  the  pressure  of  the  wind  hitherto  observed  in 
Britain  is  55  lbs.  on  tbe  square  foot ;  in  tropical  climates  it  is 
said  sometimes  to  reach  double  that  amounts 

When  there  is  no  special  reason  for  making  a  timber  platform 
dose-jointed,  it  is  advisable  to  lay  the  planks  with  ope&ings 
between  them  of  from  \  inch  to  ^  inch  in  width^  in  order  to  kt 
rain-water  escape  and  air  circulate. 

337.  K*or«— .Corerinff  and  i^Mid. — ^The  parts  of  a  nwf  may  be 
distinguished  into  the  covering  and  the  Jrafnewark,  The  extent  of 
the  covering  of  a  roof  is  usually  expressed  in  squares  and  fi4^  a 
8qua/re  of  roofing  being  100  square  feet  The  following  table  shows 
the  stinicture  and  weight  in  lbs.  per  square  foot  of  the  most  nsusl 
kinds  of  covering  for  timber  roofs^  and  their  flattest  ordinary  slc^:* 

JUtebuu  FUttertO«B-     Wd^tpeS,- 

naiy  Slope.  Fuot— L4«i 

Sheet  copper,  about  ^022  of  an )  «  .^ 

inch  thick, j  ^ 

Sheet  lead, 4®  7*00 

Sheet  zinc, 4*  1*25  to  i"625 

Sheet  iron,  plain,  ^\r  inch  thick, ...         4®  yoo 

„  corrugated, 4"  3*40 

Cast  iron  plates,  |  inch  thick, 4**  15*00 

Slates, 30°  to  22^     5-00  to  11*20 

Tiles, 30' to  22I     6-50  to  17*80 

Boarding,  |  inch  thick,  22^*  2*50 

(Weight  of  other  thicknesses  in 
proportion.) 

Thatch, 45^*  6-50 

For  the  timbering  of  slated  and 

tiled  roofs,  add  per  square  foot,  from  5*50  to  6*50 

For  the  pressure  of  the  wind,  ac- 
cording to  Tredgold,  there  is  to 
be  taken  into  account  an  ad- 
ditional load  per  square  foot  of  40 

Sheet  copper  is  nailed  on  boards.  Sheet  lead,  nnc,  and  irai* 
slates,  and  tiles,  may  be  either  nailed  on  laths  or  battens  (whk^ 
are  slender  pieces  of  timber  of  from  1  inch  by  1^  inch  to  I4  o^k 

*  The  angles  set  down  for  the  slopes  of  looft  in  this  table  ai«  all  aliqoot  parts  «f  a 
drcomferenoe;  such  angles  being  at  onoe  the  most  oonvenisot  in  designing  tiajmmm  wt, 
and  the  most  pleasing  to  the  eye.  (The  latter  fisct  appeaia  to  have  been  Ant  peiafli 
eat  by  Mr.  Hay  in  his  Tktoiy  o/Bm^.) 
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by  3  inclieSy  or  thereabouts,  nailed  across  the  rafters),  or  upon  board- 
ing of  from  ^  inch  to  f  inch  thick.  Sheet  iron  may  be  nailed  or 
screwed  directly  to  the  rafters,  and  cast  iron  plates  screwed  or 
bolted  to  the  principcd  raJUrz  to  be  afterwards  mentioned.  K00& 
in  which  the  framework  as  well  as  the  covering  is  of  iron  will  be 
treated  of  in  another  chapter. 

The  ^LKpetA  ordinary  declivity  in  Gothic  roofs  is  60°;  but  by  the 
Metropolitan  Building  Act,  1855,  the  declivity  of  the  roofs  of 
buildings  used  for  purposes  of  trade  is  limited  to  47°. 

338.  RaArn  and  PnriiBs  are  those  parts  of  the  framework  of  a 
roof  which  lie  immediately  below  the  covering,  so  as  to  form  with 
it  a  more  or  less  sloping  platform.  In  fig.  206,  A  A  is  one  of  the 
txmmaa  ftkfien^  which  are  placed  from  1  foot  to  2  feet  apart  from 
eentre  to  centre,  and  are  supported  by  the 
furlint,  to  which  they  are  spiked  or 
screwed.  B  is  a  cross-section  of  one  of 
^e  purlins,  which  lie  from  6  feet  to  8  feet 
lipart  from  centre,  and  are  slightly  notched 
where  they  cross  the  principcd  rafian. 
The  side  of  the  purlin  which  faces  down 
tte  slope  is  supported  by  means  of  the  ^  Y\^,  206. 
block  C,  which  is  screwed  to  the  principal 

nifter  D  D.  The  princi])al  rafters  foim  parts  of  a  series  of  frames  or 
^niAKv,  which  are  placed  at  from  5  to  10  feet  apart  In  order  to 
prevent  the  action  of  transverse  loads  on  the  principal  rafters,  they 
sns  to  he  supported  below  each  point  where  the  purlins  cross  them 
by  stmts,  such  as  that  of  which  the  upper  end  is  shown  at  E. 

Diagonal  BraceSy  to  stiffen  the  roof  and  stay  the  trusses  against 
upsetting  sideways,  may  be  framed  either  between  the  rafters  or 
between  the  purlins.  No  precise  rule  can  be  given  for  their 
scantling;  but  they  will  in  general  be  strong  and  stiff  enough 
if  each  transverse  dimension  is  made  one-twentieth  part  of  the 
^insapported  length.  When  the  roof  is  boarded,  the  same  purpose 
iDAy  l^  answered  by  laying  the  boards  diagonally. 

339.  Ummtf/Trutmtm  are  frames  of  the  kinds  already  discussed  in 
Articles  114  to  120,  pp.  176  to  184,  in  which  the  principles  that 
i^late  the  thrusts  and  tensions  along  the  several  pieces  have  been 
^plained.  In  the  present  Article  it  is  only  necessary  to  state 
vhat  particular  cases  of  such  frames  are  the  most  common  in 
practice. 

I.  Triakgulab  TRUsa — Fig.  207  is  a  skeleton  figure  of  the 
amplest  form  of  truss,  which  is  an  isooeles  triangle,  B  B  being  the 
tie-beam,  and  A  and  C  equally  inclined  princiiial  raftera  2  and  3 
«i«  the  points  of  support,  1  the  ridge.  D  is  a  suspending-piece, 
which,  when  of  wood,  is  called  the  king-past,  and  when  of  iron,  the 
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hmg-boU;  it  sapports  the  weight  of  the  middle  half  of  the  tie-beao, 


B  B 

Fig.  207. 


Fig.  208. 


and  of  any  floor  or  other  load  with  which  that  beam  maj  bt 
loaded. 

In  the  diagram,  fig.  208,  the  vertical  line  0  A  represents  the 
load  on  the  point  1 ;  that  is,  half  the  gross  weight  of  the  roof;  0  C 
and  O  A,  parallel  to  the  two  rafters,  represent  the  thrusts  aki^ 
them;  and  the  horizontal  line  O  B  represents  the  tension  alcmgthe 
tie-beam. 

The  algebraical  expression  of  this  is  as  follows: — 
Let  W  be  the  gross  weight  of  the  truss,  together  with  tiiat  of 
the  division  of  the  roof,  of  which  it  occupies  the  middle^  and  that  of 
the  floor,  or  other  load  supported  by  the  tie-beam. 

e,  the  half-span  of  the  truss, 

Jcy  its  rise. 

H^  the  tension  along  the  tie-beam. 

Ty  the  thrust  along  each  of  the  rafters;  then 


H  = 


^^-\/(=**w)- 


w 


^      6  B  3     B 


B 

Fig.  209. 


II.  Trapezoidal  Truss. — In  ^g,  209,  B  B  B  is  the  tie-beam,  A 
and  C  two  equaUy  inclined  principal  rafters,  F  a  horizontal  nte 
ct  straining-piece,     D  and  E  are  suspending-pieces,  to  cany  part  of 

the  weight  of  the  tie-beam,  aad 
also  that  of  the  floor,  mbidi 
usually  rests  on  the  tie-beim 
between  the  points  5  and  ^ 
together  with  its  load. 

The  same  diagram  of  foros 
as  in  the  former  caset,  fig.  205» 
applies  to  this  case;  it  being  understood  that  0  B  =  B  A  represent 
the  loads  on  the  points  1  and  4  respecti  vdj;  that  is,  on  etck  of 
those  points,  one  quarter  of  the  weight  of  the  roof  and  trass,  and  kdf 
the  weight  of  the  floor  between  the  points  5  and  6.  The  boci- 
Bontal  line  O  B  represents  at  once  the  tension  along  the  tie-beta» 
and  the  thrust  along  the  straining-piece  F. 

The  part  of  the  roof  above  the  straining-piece  F  may  either  ha 
fiat^  or  may  be  supported  by  a  small  triangular  seeondary 


(m  Article  131,  p.  184),  ainular  to  fig.  207,  md  nstiiig 
points  1  and  4.  The  strainiDg-piece  F  Of  tlie  priiicipal  tn 
be  made  to  act  ftlso  as  the  He-b^m  o£  the.B^condaiy  trow;  i 
«ue  the  thrnst  along  it  will  be  the  ^ffi^^  the  horizontal . 
M  ihe  prineipai  tnus  above  that  tn  tht  aecdwary  trvte. 

in.  Sboonsabt  Tkvssiho  under  Fbincipal  Saiteb 
direct  support  of  the  points  where  the  porlins  cross  the 
dread^  mentioDed  in  Article  338,  p.  469,  is  effected  b;  me 
■fttem  of  aeoondary  tnusing,  of  which  fig.  210  may  be  taki 
enmpla  That  figtue  representa  a  trose  in  which  the  main 
the  m^iendiiig-ineces  are  all  iron  rods;  bat  it  is  applicabli 
the  case  in  whidi  either  some  or  all  of  those  pieoea  are  of 
(i.  M.,  159.) 

Let  W  be  the  weight  of  the  roof  distribnted  over  the  \ 
4,  6,  1,  8,  10,  2,  eo  that  one-ttoOfth  rests  directly  on  eacl 
punta  <^  BDpport  2  and   3,  and  aae-aitdh  on  each  of  \ 


btennediate  points;  2  S  lathe  great  tie-rod;  1  7,  6  5,  8  9,  i 
ii¥-iods;  7  6,  7  8,  S  4,  9  10,  strnts. 

(1.)  Primary  Trues  1  2  3.— The  load  at  1,  as  before, 
Uen  as  ^  ^  yf,  and  the  streaaes  fonnd  by  equation  1 
•iticle. 

(2.)  Seixmdairy  Tnueeg  7  6  3,  7  8  2.— The  load  at  6  is  to 
to  oonsist  of  one-half  of  the  load  between  6  and  1 ,  and  ont 
the  load  between  6  and  3;  that  is,  one-half  of  the  load  be 
■nl  3,  or  ^  W.  The  trusses  are  triangular,  each  consistinj 
itrata  and  a  tie,  and  the  streaaes  are  to  be  ionnd  as  in  Arti 
pt  177;  that  is  to  aay,  let  H'  denote  the  horizontal  stress 
■f  theae  secondary  trusses;  1"  tiie  thrust  along  the  rafters 
4  ud  3,  and  between  8  and  2,  due  to  their  places  in  thoae 
•ad  S'  tiie  throst  along  the  strata  67  and  87 ;  then 

The  Buspenmon-rod  1  7  supports  two-thirds  of  the  load  < 
ndt«o-thbdsoftheloadon7  8  3;  that  is,  $-|.-W:s=.i 
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this,  together  with  ^  W,  which  rests  direcUy  on  1,  mak«B  np  tlte 
load  of  ^  W,  already  mentioned. 

(3.)  Smaller  Secondary  Trusses  3  4  5, 9  10  2.— E^h  of  the  p<Hnis 
4  and  10  sustains  a  load  of  j^  W,  from  which  the  stresses  on  tho 
bars  of  those  smaller  trusses  can  be  determined  as  foUovs: — 


^■  =  ro'^=s-=Y^(H".+^) (1) 

One-half  of  the  load  on  4,  that  is,  -^  W,  hangs  by  the  sospes- 
sion-rod  6  6;  and  this,  together  with  }^  W,  which  rests  directljon 
6,  makes  up  the  load  of  ^  W  on  that  point,  formerly  mentioiwd. 
The  same  remarks  apply  to  the  suspension-rod  8  9. 

(4.)  Eesultant  Stresses. — The  pull  between  5  and  9  is  the  earn  d 
those  due  to  the  primary  and  larger  secondary  trusses;  that  betveen 
6  and  3,  and  between  9  and  2,  is  the  sum  of  the  pulls  due  to  ike 
primary,  larger  secondary,  and  smaller  secondary  trusses;  that  u 
to  say, 

H  +  H'  =  y,?;  H  +  H'  +  H"  =  ^^^; (4) 


3k 


Uk 


The  thrust  on  1  6  is  due  to  the  primary  truss  alone ;  that  on  6  4 
to  the  primary  and  lai^r  secondary  truss;  that  on  4  3  to  the 
primary,  loxger  secondary,  and  smaller  secondary  trusses;  tad 
similarly  for  the  divisions  of  the  other  rafter. 

(5.)  General  Case, — Suppose  that  instead  of  only  three  divisiout 
there  are  n  divisions  in  each  of  the  rafters  1  3, 1  2,  of  fig.  78;  aothit 
besides  the  middle  suspension-rod  1  7,  there  are  n  —  2  su^pensioB- 
rods  under  each  rafter,  or  2  n  —  4  in  all ;  and  n  —  1  slopiiig- 
struts  under  each  rafter,  or  2  n  —  2  in  all.  There  will  tiras  be 
2  71  —  1  centres  of  resistance ;  that  is,  the  ridge-joint  1  and  n  —  1 
on  each  rafter;  and  the  load  direcUy  supported  on  each  <^  thesa 

W 

points  will  be  ^. 

The  total  load  on  the  ridge-joint  1,  will  be  as  before,  -^\  thit 

is  to  say,  ^  directly  supported,  and  -^  (1 )  hung  by  ^ 

middle  suspension-rod. 

The  totid  load  on  the  upper  joint  of  any  secondary  truss,  disti 

ft       -  A  "T 

from  the  ridge-joint  by  m  divisions  of  the  rafter,  will  be, t—- 

W;  that  is  to  say,  g—  directly  sapportod,  and        \ — ^^^^  W  k* 
ft  raspouflioii-xod. 


BOOr-THUBSES. 

Tbe  itreflsea  on  the  Btnits  and  tie  of  eactt  trass,  p: 
Mcouduy,  being  determined  as  in  Article  115,  are  to  b 
n  in  the  preceding  ezamplea. 

The  following  fonnnln  give  the  horizontal  Rtress  H. 
along  the  rafter  1^,  and  the  thrust  along  the  strut 
ncondarj  truRs  which  has  its  highest  point  at  m  divi 
lafter  from  the  ridge-joint: — 

H_^  -T — 7;  {being  the  same  for  each  secondary  fa 
(also  the  same  for  each  secondary  truss.) 

It  follows  that  the  total  tensions  on  the  seTeral  divis 
ti»-iod  and  thrustg  on  the  several  divliions  of  the  n 
nencing  at  the  divisions  next  the  middle  suspending 
follows  (making  ^^-  =  H,  and  ^^-^  g  +  l)  =  l 

sqoationsll; 

H(l  +  i);H(n-?);&a H-^ 

T;T(l  +  l);T(l  +  ?),*e.,.    .    .    T-^ 

In  timber  roo&,  instead  of  resisting  the  horizontal  th 
itntta  as  4  5  and  9  10  by  means  of  tie-rods,  it  is  nsu 
their  lower  ends  abut  against  a  horizontal  stmt  or  stn 
Ud  on  the  top  of  the  main  tie-beam,  and  extending  f 
the  object  being  to  give  transvene  strengUi  to  the  tie 
that  case  the  tension  is  nniforra  along  the  whole  lengtl 
...  „  2»— 1 
besm,  being  H  • . 

IV.  QoTHio  Boof-Tbttbbes  belong  to  the  class  of  " 

gtmal  Fnunes,"  already  mentioned  in  Article  117,  p.  17 

oert  oblique  thrust  against  the  walls  or  buttresses  wh 

Aera.     The  framing  is  so  designed  as  U>  make  the  hori 

I    |ionetit  of  that  thnist  as  small  as  possible. 
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Kg.  211. 


Fig.  212. 


Pig.  211  may  be  taken  as  an  example.     In  this  truss  B  0  sni 

B'  Care  horizontal  ties,  each  extending 
oyer  one-quarter  of  the  span,  and  E  F 
is  a  snspending-pieoe;  all  the  other 
pieoes  are  struts.      The  stmts  A  C 
and  A'  C  are  curved  for  the  sake  of 
architectural    effect;    their    stnig^ 
lines  of  resistance,  which  are  panlid 
to  the  rafters,  are  marked  bj  dota 
The  curved  pieces  0  F,  C  F,  are  mew 
stays,  to  provide  against  casual  i^ 
regularities  of  the  load. 
The  lines  of  resistance  of  the  primary  trtisa  are  the  horisontallise 
D  D',  and  the  dotted  lines  A  D,  A'  D'.     The  diagram  of  forces  is 
formed  thus: — In  fig.  212,  draw  O  K  horizontal,  HO 
vertical,  and  O  G  ||  A  D.     Take  H  G  to  represent  S-SQa 
of  the  weight  of  the  truss  with  its  load;  then  will  0  H 
represent  the  horizontal  stress,  and  O  G  the  ohliqiie 
thrust  exerted  along  D  A  against  the  abutment. 

The  dotted  line  D  A  is  the  line  of  resistanoe  of  a 
frame  or  compound  strut,  consisting  of  the  four  strati 
A  B,  A  C,  B  D,  and  0  D,  and  the  tie  B  a     The  straM 
on  these  pieces  are  represented  as  follows : — 

the  tension  on  B  C,  by  O  H  (fig.  212.) 

the  thrusts  along  B  D  and  A  C,  by  O  K  ||  B  D  ||  A  0 ;  (K  biaeeli 
,     HG); 

the  thrust  on  D  C  by  K  H  =  -^^ths  of  gross  load; 
the  thrust  on  B  A  by  1  j^  K  H  =  -^ths  of  gross  load. 

D  E  D'  forms  a  secondary  truss,  loaded  at  E  with  one-qoazta  of 
the  gross  load;  D  D'  is  the  tie  of  this  truss  as  well  as  the  straining 
piece  of  the  primary  truss;  and  the  tension  arising  from  the  actkn 
of  the  secondaiy  truss  is  to  be  subtracted  from  the  thrust  doe  ta 
the  action  of  the  pnmaiy  titiss,  to  find  the  resultant  thrust  along 
P  D',  which  is  thus  found  to  be  represented  by  ^  O  H.  I^ 
thrust  along  E  D  is  represented  by  |>  O  EL 

340.   Strength  of  Tie-Beawa*  SmM-Bcaau*  mmiL  Mat  Miati — L0t 

H  be  the  greatest  direct  working  stress,  whether  tension  or  ihnak» 
along  the  line  of  resistance  of  a  given  piece  whose  breadth  is  b  aod 
depth  h;  M  the  greatest  working  bending  moment^  whether  ariaag 
from  a  transverse  load,  or  from  the  neutral  axis  of  the  pieoa  nafc 
coinciding  with  the  line  of  resistance  (in  which  latter  case  M  s=  H 
X  greatest  distance  of  the  neutral  axis  from  the  line  of 
f  the  greatest  safe  working  intensity  of  stress;  theo^ 


BOOF-TBUBSB — BBIBGE-TRUSSEB.  475 

^'^hh^Tl?'> ^^ 

md  if  A  LftB  been  fixed  beforehand,  h  is  given  by  the  formula 


=(?+^*/- » 


As  already  stated,  f  =  1,000  lb&  per  square  inch  in  ordinaiy 
ctipentiy. 

341.  Bridce-TnMBM. — ^A  bridge-truss  is  usually  one  of  two  or 
more  parallel  frames  of  carpentry,  which  act  as  girders,  in  support- 
ing the  cross-beams  or  joists  of  the  platform  of  a  bridge.  (Article 
336,  p.  465.)  The  principal  strata  which  it  contains  may  spring 
cither  from  a  tie-beam,  like  the  rafter  of  a  roof,  from  iron  sockets 
oonoected  by  means  of  a  tie-rod,  or  from  suitable  piers  and  abut- 
ments of  timber  or  stone.  The  most  usual  elementary  figures  of 
hridge-trusses  are,  like  those  of  roof-trusses,  the  triangle  (f]g.  207), 
and  the  trapezoid  {^^,  209);  and  the  principles  of  their  stability 
and  equilibrium  are  the  same,  except  that  in  a  bridge-truss,  special 
porision  must  be  made  for  the  unequal  distribution  of  the  load, 
DOth  transversely  and  longitudinally. 

L  Load  TJneqwd  Transvendy. — ^This  case  occurs  chiefly  in 
kidges  for  double  lines  of  railway,  when  one  track  is  loaded  and 
the  other  unloaded.  The  proportions  in  which  the  rolling  load  is 
distributed  over  the  girders,  when  there  are  only  two  of  them,  is 
amply  the  inverse  ratio  of  the  horizontal  distances  of  its  centre  of 
grarity  froia  the  two  girders  (Article  112,  p.  174);  but  there  are 
«ften  more  than  two  girders,  most  frequently  four;  and  then,  in 
<Rder  to  determine  the  proportions  in  which  the  load  is  distributed 
over  them,  the  assumption  is  made  that  the  cross-beams  remain 
sensibly  straight;  so  that  the  difference  between  the  deflections  of 
any  two  of  the  girders,  and  consequently  the  difierence  between  the 
shares  of  the  load  borne  by  them,  is  proportional  simply  to  the 
distance  between  them. 

To  illustrate  the  application  of  this,  let  the  girders,  and  the 
foliiog  load  which  by  means  of  a  cross-beam  is  made  to  rest  on 
ihem,  be  arranged  in  cross-section  as  follows : — 

W 
A        B      O      C        D 

yp  denotes  the  position  of  the  centre  of  gravity  of  the  rolling  load, 
0  the  centre  Ime  of  the  platform;  A,  B,  C,  D,  the  four  girders. 
Then, 
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the  mean  share  of  the  rolling  load  borne  by  each  girdor  will  he 
W'-5-4. 

To  find  the  deviations  from  that  mean  share,  lei 

OB  =  «i;  O  A  =«,;  OQ  =  —  z^;  O'D^^z^) 

and  let  the  horizorUcd  distance  from  O  to  W^  be  z^ 

The  deviation  from  the  mean  of  the  load  on  any  girder  vhon 
distance  from  the  centre  line  is  z  mtist  bea«/  a  being  a  oo-eflieiciit 
to  be  determined  by  the  condition  that  the  moment  of  Wxdslivelf 
to  O  is  equal  and  opposite  to  the  sum  of  the  moments  of  the  leautr 
ances  of  the  beams  relatively  to  the  same  axis.  This  coaditka, 
expressed  in  symbols,  gives  W'  ^  =  2  a  («f  +  4)>  '^^^i'^ 

W« 
0  =  0  .,  i^-ir;  And  the  shares  of  the  rolling  load  on  thefiiv 

girders  are  as  foUows:— 

onD;:f'-a«,=W'(i-^53-^). 

When  the  share  of  the  load  on  D,  as  often  happens,  proves  to  In 
negaiive,  it  shows  that  the  girder  furthest  from  the  loaded  tn£t' 
pulled  upvoards  by  the  platform. 

As  a  numerical  example,  let  the  bridge  be  one  under  an  or^on 
narrow  gauge  railway,  and  let  the  four  girders  be  exactly  under  M 
four  rails  respectively;  so  that  we  may  make,  with  8ufficittti»*j 
curacy  for  the  present  purpose, 

2rj  =  3  feet;  «,  =  ^  ^^t;  So  =  5^  feet; 


....(L) 


then^ 


loadonA  =  w(i+  ||^=+.55lW 


These  remits  have  been  Terified  by  careful  ezper 
gmt  scale. 

The  most  importaat  of  them  practically  is  tihe  shar 
ca  A,  being  the  greatest  share.  In  order  to  ansDgi 
H>  that  this  share  shall  not  exceed  om-hdf,  the  follow: 
dioald  be  fulfilled:— 

aJ  =  2«(,*,-4 

For  example,  let  s^  =  51  feet;  a,  =  10  feet;  thei 
=  3ie  feet 

IX  Load  Untqual  LongitudinaUy. — This  sort  of  ine' 
be  provided  for  in  every  case  in  which  the  figure  of  i 
more  sides  Uian  three. 

Tin  most  important  example  in  practice  is  that  of  th 
^■s,  vhether  springing  from  a  tie-beam,  as  in  lig.  20 
&OED  a  pair  of  abutments,  or  &om  sockets  connected  b 
tie-rod. 

There  are  two  means  of  enabling  the  tnus  to  res 
loadr  by  the  stifluesa  of  a  longitudinal  beam,  and 

The  lon^tndinal  beam  is  either  the  tie-beam,  or,  In  tl 
a  tie-beam,  a  beam  resting  on  the  top  of  the  truss,  a 
the  rtraining-piece  F  in  the  figure. 

let  c  denote  the  half-span  of  the  trusa;  x,  the  disi 
prints  4  and  1  from  the  middle  of  the  tnias. 

Let  a  partial  load  W'  be  applied  at  one  of  these 
other  being  unloaded.  Then  the  longitudiual  beam  hi 
bending  action,  which  is  greatest  at  the  loaded  poin 
uleaded  point,  producing  convexity  downwards  at 

Cint,Hid  Inwards  at  the  unloaded  point:  the  bend 
I  the  following  value : — > 

M-=^r^'>; 

nd  the  stren  produced  by  it  must  be  taken  into  accoi 
the  dimensiona  of  the  longitudinal  beam.  For  example 
3,M-=W'e-!.9. 

To  provide  resistance  to  a  partial  load  by  diagonal  b. 
dwold  be  two  diagonal  strut*,  in  the  positions  shown  I 
linn  4  5  and  6  1  in  lig.  209 ;  4  5  to  act  when  the  parti 
i  and  6  1  when  the  partial  load  is  on  1 .  The  great 
■kngeither  of  them  is  given  by  the  fallowing  formula:— 
^cpth  of  the  truss,  from  the  centre  lino  of  F  to  the  cent 
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342.  Cwmpmm^  BrMge-Tnns.  {A.  M.,  160.)— The  geoenl 
nature  of  a  compound  truss  has  been  explained  in  Artide  121, 
p.  184.  Fig.  213  is  a  skeleton  diagram  of  a  oompound  timber 
bridge-truss,  on  the  principle  of  those  of  the  celebmted  btidgB 
of  SchaffhauBen. 


2              41 

r          1 

\ 

8              1 

1          a 

.^^ 

^ 

- — ^ 

^^ 

^^ 

m  1-    i 

»         ' 

I        J 

4 

I     1     w 

Hg.  218 


It  consists  of  four  elementary  trusses,  viz. : — 


12  3  4  loaded  at  2  and  3, 
15  6  4  „  5  j^  6y 
17  84  „  7  „  8, 
19  4        ..       9; 


9> 


Fig.  214. 


but  all  those  tnisses  have  the  same  tie-beam,  1  4 ;  and  tite  pd 
along  that  tie-beam  is  the  sum  of  the  pulls  due  to  the  four  traaes 
The  vertical  lines  represent  suspending-pieces,  from  ▼hich  ^ 
tie-beam  is  hung.     The  tie-beam  supports  the  cross-beams  of  thi 
platform. 

An  arrangement  of  struts  similar  to  that  in  the  figm«»  ^ 
without  the  tie-beam  or  suspending-pieces,  and  supporting  tin 

platform  above,  is  olten  rod 
for  timber  brieves  with  abut- 
ments. Stay-pieces,  luy*- 
ever,  are  required,  netf^y 
in  the  position  of  the  nppff 
ports  of   the  8n]^>ending-piece3  in  the  figure,  to  give  sufficia^ 

stiflBiess  to  the  struts. 

343.  UlasMally-bmced   CUi^taN  —  This   SOrt  A 

girder,  of  which  fig.  214  is  a  skeleton  disgi**^ 
was  first  introduced  in  America  by  Mr.  Ho«a 
The  two  horisontal  bars,  or  "  booms,"  resist  tk 
bending  moment  of  the  load;  they  are  msde  « 
layers  of  planks  set  on  edge,  and  bolted  together  m 
as  to  break  joint,  as  in  the  built  ribs  of  Aitadi 
333,  p.  464.  The  shearing  action  of  tiie  ked  »' 
resisted  by  the  vertical  suspending-pieoes  ("AA^ 
are  iron  rods),  and  the  diagonal  timber  itn% 
which  abut  into  iron  sockets,  as  shown  on  a  htf^ 
scale  in  fig.  215.  In  the  latter  figmne  A  9  ^ 
upper  or  compressed  boom,  and  B  the  lower  or  extended  booiB;(% 


Sn. 


Tig.  215. 


itrata  sloping  up  towards  th< 
hy  plain  lines  ia  Gg.  214;  . 
suest  point  of  mpport,  and  L 

J  full  lines  are  all  tiiat  wonld 
nniforml;  distribgted  over 

_         __B  neceaaatj  in  order  to  reaisi 

loads. 

TheactioDsoftlieloadonthis  girder  are  compated  bjr 

already  explained  in  Article  160,  pp^  230  to  243,  as  » 

beam  loaded  at  detached  points.     The  formnla  for  t 

moment  at  any  oiws-section  has  already  been  given  in  . 

Owe  YITL,  p.  247.     In  compnting  the  shearing  force,  i 

be  had  to  ^e  action  of  a  travelling  load,  as  explainet 

161,  Case  IX.,  pp.  247,  248. 

The  fbUowing  are  the  most  convenient  formnbe  i 

if  the  pointa  of  support  being  nnmbered  0,  the  j 

boom  are  to  be  nnmbered  consecntively  trora  thai 

'  to'wards  the  middle,  as  in  fig.  214 : — 

i  n  denote  the  nnmber  of  any  joint,  and  N  the  U 

risionB  in  the  beam.     (In  ^e  figure  N  ^  8;  i 

e  joint,  n  ^  4.     When  N  is  odd,  there  is  no  mid< 

;  £  denote  the  height  of  the  girder,  measured  fro 

I  of  the  horizontal  booms ; 

X  span ;  so  that  2  -^  N  b  the  length  of  a  dividoii; 
he  length  of  a  diagonal,  measured  along  its  line  ol 


the  uniform  steady  load  npon  each  joint; 
the  greatest  travelling  load  upon  each  joint 
e  dividons  of  the  horizontal  booms  are  to  be  nni 
tmia  the  ends  towards  the  middle;  so  that  in  Gg.  2 

of  the  upper  boom  lies  between  1  and  2;  Divisi 
rwer  boom  lies  between  0  and  the  saspendine-rod 
ipeuding-rods  and  diagonals  are  designated  by  th( 
lint  where  their  u;>per  ends  meet;  thus,  in  fig.  216 
er  of  the  rod  C,  it  is  also  the  number  of  the  lai^ 
id  the  smaller  diagonal  E;  while  the  nnmber  of  d  i 
rf.^n-1. 

t  H,  be  the  thmst  and  tenraon  alotig  tlte  diviaiG 
'  and  lower  booms; 
,  tbe  tension  on  the  Tertacal  rod  n ; 

tiie  thrust  on  the  large  diagonal  n; 
the  throst  oo  the  sm^  diagonal  n. 
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Then 


•a) 


V.  (when  the  phitfonn  is  hung  from  the  girder,  for  all  except  thft 

•jji    ,-^\         /"N  +  l       \           (N-n)(N-n+l)      ,.. 
nuddle  rod)  =to  ( — ^ nj  +ur'  ^ ^^-^ ^;— W 

V  (when  the  phitfonn  is  hnng  from  the  girder,  for  the  middk 
«)d)=«.+  J'  -^  +  1) W 

(When  the  platform  rests  on  the  top  of  the  girder,  suhtnct  W'k-w 
from  each  of  the  aboTe  values  of  Y.) 

ws/J^^l      \     u>'^.(y-n)  (N-n-t-l). 


w«/N-l       \     v/s  n-(n+l\  ,,, 

*•=  -t(-2— "j  *X  •  -TW^' <*) 

When  the  hist  formohi  (5)  gives  a  nnll  or  n^ative  result,  it 
shows  that  the  smaller  diagonal  in  the  division  in  qnestion  ii  uBp 


A  common  inclination  for  the  diagonals  is  45^ ;  the  coi 
iDgvalue  of  «  -s-  il  is  1-414,  and  that  of  /  ^  ib  is  N.* 
The  following  is  a  numerical  example : — 
Span  80  feet,  in  eight  equal  divisions;  that  is^  1^80;  N=& 
;b=  10  feet;  «=  1414  feet 
to  =  5000  lbs.;  ti/  =  10,000  lh& 
Platform  hung  below  girder. 


n 

H 

V 

T 

1 

lbs. 

IbSL 

lbs. 

Ib>. 

I 

52,500 

52»5oo 

74,235 

n^ati 

2 

90,000 

38,750 

54,792 

n^gati' 

3 

112,500 

26,250 

37,"8 

7,070 

4 

120,000 

17,500 

2Z,2IO 

The  last  column  shows  that,  in  the  example  choeen,  the  dottel 
diagonals  are  required  in  the  two  middle  divisions  only. 

The  value  of  H  forn  =  4  applies  to  the  lower  boom  alone,  as  tis 
upper  boom  has  only  three  divisions  on  each  side  of  the  middla 

344.  ijiii€*^wA  OMim  of  timber  were  first  introdooed  hj  ^^ 
Ithiel  Towne.  The  lattice- work  consists  of  planks  indined  it 
4t><>  to  the  honxon.  pinned  together  with  treenaua. 

*  See  |vig9  493. 
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A  laitioe  girder,  even  without  horizontal  booms  (as  in  fig.  216), 
IB  capable  of  sappcnrting  a  certain  load,  provided  its  ends  are  made 
to  to  stable  piers;  and,  under  these  circumstances,  its  moment 
cif  resistance  at  any  cross-section  is  simply  the 
sum  of  the  moments  of  resistance  of  the  planks 
intenected  by    that    cross-section.       But  this 
mode  of  construction  is  un&vourable  both  to 
economy   and    to    stiffiiesa     When    horizontal 
booms  are  bolted  to  the  lattice-work  at  its  upper 
and  lower  edges,  they  may  be  considered,  wilJiout  ^5*  216. 

sensible  error,  as  sustaining  all  the  bending  mo- 
ment, like  those  in  the  example  of  the  last  article;  while  the 
littioe^work  bears  the  shearing  action  of  the  load,  distributed  with 
Approximate  uniformity  amongst  the  bars  or  planks. 

345.  Ttaibflr  Arciica. — ^When  a  timber  arch  is  exactly  or  nearly 
of  the  form  of  an  equilibrated  rib  of  uniform  strength  under  the 
steady  part  of  its  load,  and  is  subject  besides  to  a  rolling  load,  its 
strength  is  to  be  computed  according  to  the  methods  of  Article 
180,  pp.  296  to  314. 

The  usual  form  for  timber  arches  is  a  segment  of  a  circle ;  but 
the  formuhe  for  a  parabolic  rib  may  be  used  in  practice  without 
material  error.  In  almost  every  case  the  rib  may  be  considered 
^  fixed  in  direcUon  al  the  ends;  so  that  if  the  abutments  are 
immoTeabley  the  formulflB  to  be  employed  will  be  those  of  Problem 
IV.,  equations  30  to  dd  B,  pp.  305  to  308;  and  if  the  abutments 
are  sensibly  moveable,  equation  40,  p.  308,  is  to  be  used  instead  of 
equation  30. 

In  designing  a  timber  arch,  the  greatest  working  deflection 
ahoold  be  computed  by  the  equation  61  of  Article  180,  p.  313;  and 
the  pieces  of  timber  in  the  arch  and  superstructure  should  be  pro- 
portioned as  if  the  platform  were  to  have  an  upward  convexity  or 
''camber,"  with  a  rise  in  the  centre  of  the  span  equal  to  the 
calculated  deflection.  The  result  will  be,  that  the  platform  will 
become  horizontal,  or  nearly  so,  when  fully  loaded. 

Semicircular  timber  ribs  are  now  often  employed  to  support 
n)ofs,  for  the  sake  of  architectural  appearance.  In  fig.  217,  let 
A  C  B  be  a  quadrant  of  such  a  rib,  under  a  load.  ^ 

muformly  distributed  horizontally,  O  being  its  ^  T        "tZ^^^^**^^ 
oentre.     Draw  B  D  and  A  D  tangents  to  the 
Betttral  layer  at  the  springing  and  at  the  crown; 
lasect  A  I)  in  E;  then,  if  the  ai-ch  be  jointed 
or  hinged  at  A  and  B,  E  B  will  be  the  direction 

of  the  thrust  at  B;   and   its   horizontal   com-  qK 

fooent  will  be  hai/'  the  load  on  the  quadrant;  Fig.  217. 

thatifl^ 

2x 
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H^^^; (1.) 

r  bemg  the  radius  O  A,  and  w  the  load  pesr  lineal  tmit  of  apu. 
The  greatest  bending  moment^  on  the  same  suppoaition,  oocnn  at 
Cy  30""  aboTe  the  ^ringing.  That  moment  tends  to  make  eurvoM 
skarper  at  that  point;  and  its  value  is 

M=^. (i) 

The  valne  of  the  dixect  thrust  is  2  H= u;  r,  as  given  by  eqnatioi  1. 
By  the  nae  of  these  valnes  in  the  formnbe  of  Article  340,  p.  475. 
tl^  proper  scantling  for  the  rib  may  be  computed.  The  soppositioii 
of  tlie  rib  being  hinged  at  A  and  B  is  not  perfectly  reaJisd  ia 
practice;  but  it  will  not  lead  to  any  error  of  importance. 

346.  Tinker  Spttadnia. — ^When  timber 
arches  support  a  level  platform,  eadi 
spandril  in  general  contains  a  series  of 
upright  posts  for  transmitting  the  loi<i 
ftom  the  platform  to  the  arch.  A  hori- 
zontal beam  on  the  top  of  each  rov  c^ 
^-  ^^^'  posts  should  have  strength  and  stiffijetf 

sufficient  to  resist  the  load  between  each  pair  of  posts. 

To  stiffen  the  frame  transversely,  the  posts  which  stand  side  bf 
side  should  have  diagonal  braces  between  them;  the  smallest  twe- 
Yerae  dimension  of  any  brace  not  being  less  than  about  one-tweotietb 
part  of  its  length. 

To  stiffen  the  frame  longitudinally,  diagonal  braces  waj  b* 
placed  as  in  fig.  218.  To  find  the  stress  which  any  one  of  tkoae 
diagonal  braces  should  be  capable  of  resisting  with  safety,  kill* 
upright  posts  be  numbered  from  one  end  of  the  arch  to  the  middK 
0,  1,  2,  3,  &c  (like  the  suspending-rods  in  Article  343).    Let 

N  be  the  total  number  of  longitudinal  divisions  in  the  platftiiB. 
n  and  n  +  1^  the  numbers  of  the  posts  between  whidi  a  gito 

diagonal  brace  is  situated. 
«,  its  length,  and  k  the  difference  of  level  of  its  enda 
u/,  the  greatest  travdling  load  on  one  post 
T,  the  greatest  amount  of  thrust  along  the  diagonal;  tben 

«/«     n  (n  +  1)  n) 

For  the  diagonals  between  0  and  1,  indicated  by  dots  is  ^ 
figure^  this  expression  is  =  0;  but  neveilheless  a  pair  (^  dhtgoipi^ 
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naj  be  placed  tliere,  of  the  same  size  with  the  ami 
between  1  and  2,  in  order  to  give  additional  stifinesa. 
It  is  possible  that  when  the  arch  ia  partially  ] 
travelling  load,  some  of  the  upright  pieces  which,  wh 
imifonn,  are  posts,  may  have  to  act  occasionally  a 
piecea  To  find  whether  thin  is  the  case  for  any  | 
piece,  let  n  be  its  number,  and  to'  the  dead  load  re 
then  compate  the  value  of  the  following  expreaaioa  :- 


T  =  «/- 


2N 


ud  if  this  is  positive,  it  will  give  the  greatest  ti 
intriglit;  if  null  or  negative,  it  will  show  that  the 
unjs  as  a  strut  or  post,  and  never  as  a  suspending-] 
Another  mode  of  construction  is  to  make  all  the  i 
tie-bolts.  la  this  case  equation  1  will  give  the  great 
uy  ^ven  bolt.  The  uprights  will  alwajrs  act  as  j 
gieatest  load  on  each  will  bo  given  by  the  following  t 


T'  =  «y  +  «/^l  + 


2N 


347.  TfaBkw  BawMriBi  Qlrden     (Fig.  219.) — In  a 
kind,  a  timber  arch  springs  from  a  tie- 
beam,  which  supports  the  croN»-beam8  of 

the  platform,  and  is  hung  from  the  arch  at  jJfC, 

btervals  by  vertical .  sospending-pieces  or     oj^  Ix^ 
lods,  with  diagonal  braces  between  them.  f 

The  tie-beam  has  to  bear  at  once  a  ten- 
■kin  equal  to  the  horizontal  thmst  of  the  arch,  and  a  I 
to  to  the  load  supported  onitbetween  a  pair  of  suspi 
■ud  ita  strength  depends  on  the  principles  explained  I 

The  greatest  tension  on  any  suspending-piece  is  t 
means  of  equation  3  of  Article  346,  above. 

The  greatest  thrust  along  any  diagonal  is  to  be  foi 
of  equation  I  of  the  same  Article,  p.  482. 

The  horizontal  tie  of  a  timber  bowstring  girder  sh 
Buule  of  iron,  as  its  expansion  and  contraction  would 
length  destroy  the  timber  arch. 

348.  TiMbar  Pien. — A  timber  pier  for  support!: 
iprdets  may  consist  of  any  convenient  number  of 
wrtod  or  slightly  raking,  and  connected  together 
•I'd  diagonal  breces. 

Each  poet  should  be  braced  at  eveiy  point  where  thei 
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it,  and  at  additional  points  if  necessaiy,  in  order  that  the  distaneo 
between  the  braced  points  maj  not  be  greater  than  about  18  or  30 
times  the  diameter  of  the  ^Kist.  {As  to  lengthening  posts^  see 
Article  315,  p.  456.) 

Should  the  pier  liave  lateral  thrust  to  bear,  whether  from  the 
action  of  the  wind  or  finom  that  of  the  load  upon  the  super- 
structure, the  following  principles  are  to  be  attended  to : — 

L  The  posts  at  the  base  of  the  pier  should,  if  possible,  spread  to 
such  a  distance  from  each  other  that  the  lateral  thrust  maj  canae 
na  tendon  on  any  one  of  them.  For  example,  oonoeiTe  a  pier  of  a 
timber  viaduct  to  consist  of  two  parallel  rows  of  posts;  let  the 
greatest  horizontal  thrust  in  a  direction  |)erpendicnlar  to  the  rows 
be  H,  acting  at  the  height  Y  above  the  baise  of  the  pier,  so  that 
H  T  is  its  moment ;  let  W  be  the  gross  vertical  load  of  the  ]ner,  and 
B  the  required  distance  from  centre  to  centre  betweoi  the  ivo 
rows  of  posts  at  the  base  of  the  pier;  then  make 


B  = 


2HY 
W    ^ 


W.. 


IT- 


and  there  will  never  be  tension  on  any  of  the  postR. 
arrangement  be  made,  the  whde  load  W  will  be  concen 
€ne  row  of  posts  when  the  greatest  thrust  acts.     In  othttr* 
the  load  on  the  row  of  posts  furthest  from  the  side  of  the 
which  the  thrust  acts  will  be, 

WHY 
2   "^"B" 


•••< 


If  the  pier  consists  of  more  than  two  rows  of  posts,  let 
the  number  of  rows,  and  let  them  be  equidistant  from 
B  being  still  the  distance  from  centre  to  centre  of  the  on 
Let  P  denote  the  share  of  the  load  which  rests  on  the  ro 
furthest  from  the  side  the  thrust  is  applied  to,  and  P 
which  rests  on  the  row  nearest  that  side.     Then 


n 


H  Y  {n—Vf 


B  >—  1)-  +  (n  —  3)2  +  &c\ 
H  Y  {n—Vf 


\  > 


W 


n        B  {(n  —  1)2  +  (»—  3)2  +  &4  ' 


the  series  in  the  denominator  of  the  second  term  being 
long  as  the  numbers  in  the  brackets  are  positive^ 


(*•) 
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unsymmetrical.  The  loading  of  the  centre  will  thus  adnnoe 
from  both  ends  towards  the  middle;  and  its  most  severe  action^ 
whether  compressive,  shearing,  or  bending,  will  take  place  just 
before  the  key-stones  are  driven  into  their  places. 

If  there  were  no  friction  between  the  arch-stones,  the  load  upon 
the  centre  could  be  computed  exactly.  The  friction  between  them 
renders  all  formulae  for  that  purpose  uncertain. 

It  is  usually  stated  that  the  arch-stones  do  not  begin  to  press 
against  the  centre  until  courses  are  laid  the  slope  of  whose  bedi  is 
steeper  than  the  angle  of  repose;  that  is  to  say,  from  2d^  to  35',  or 
on  an  average,  about  30°;  but  in  order  that  this  may  be  tnie,  the 
lower  part  of  the  arch  must  be  so  thick  as  to  have  no  tendencj  to 
upset  inioa/rds,  A  thickness  equal  to  about  one-tenth  of  tho 
radius  of  curvature  of  the  intrados  is  in  general  sufficient  for  that 
purpose;  but  still  any  accidental  disturbance  of  the  ardi-stones 
may  make  them  press  against  the  centre. 

Each  successive  course  of  arch-stones  that  is  laid  causes  die 
pressure  exerted  by  the  previous  courses  against  the  centre  to 
diminish;  and  when  a  semicircular  arch  is  completed  all  but  the 
key-stone,  the  stones  whose  beds  slope  less  steeply  than  30"  harc 
ceased  to  press  against  the  centre,  and  that  even  although  then 
should  be  noJHction,     In  fact,  when  the  load  on  the  centre  readiei 
its  greatest  amount,  its  action  is  nearly  the  same  whether  frictka 
operates  sensibly  or  not;  and  considering  this  fiict,  and  also  the 
fact  that  any  errors  in  calculation  caused  by  neglecting  the  fiicdoii 
of  the  stones  on  each  other  must  be  on  the  side  of  safety,  it  appeus 
that  for  practical  purposes  it  is  sufficient  to  calculate  the  load  on  a 
centre  as  if  the  friction  between  the  stones  were  insensible. 
The  following  are  the  results : — 

(1.)  General  Case. — Let  w  denote  the  weight  per  lineal /wd  qfOn 
kiPrados  of  the  arch  resting  on  a  given  rib  of  a  centrsL 

Let  the  co-ordinates  of  any  point  (sadi  m 
D,  fig.  221)  in  the  intrados  be  nieuni«l 
from  its  highest  point  A;  x  being  romaanl 
horizontally,  and  y  vertically  downwards. 

Let  Xq  and  y^  be  the  co-ordinates  of  tte 
point  0. 

Let  r  be  tlie  radius  of  curvature  of  th» 
intrados  at  the  point  D. 

^,  its  inclination  to  the  horizon. 
Pf  the  normal  pressure  against  tiie  A 
at  the  point  D,  per  lineal  foot  of  intndaiy 
Fig.  2^1.  then,  friction  being  inseDsible, 


1   Cf 


(L) 


/>■'-. 

e  arch  is  complete  : 

c(makingy,  =  0)j.. 

ce  from  the  middle 

on  a  series  of  poets,  I 
lutments  or  piers  of 

the  middle  of  the  sp 
—  I  ^ pxdx} 


'  pxda  (for  ji^  =  0 

ite  the  greatest  load 
n  2  serves  to  compt 
component  of  the  loi 
b  immediately  undei 
I  such  a  piece  is 


test  vertical  load  01 
the  total  strength 
3  A  serves  to  compu 

ter. 

aa  ISO".— In  an  arch 


=  ra_cos#^; 
i,  =  r(l  — oos*o); 
,  =  r(l-c«Mi 
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Let  «y  8^  «|,  denote  lengths  of  arcs  measured  from  A  in  feet 
J>et  the  weight  per  foot  of  intrados  w  be  constant.    Then  the 
iioi*mal  pressure  per  foot  of  intrados  is 

p  =  tt7(2co8^  —  cos^o)  =  w-  !LZlly±y^ ; (5.) 

And  its  greatest  valne  for  a  given  point, 


r  —  p 
r 


.{5iL) 


....(6.) 


w  cos  ^  =  to 
The  vertical  load  between  C  and  J)  is 

T  =:iorli  —  ^Q  —  8in#  (cos  fi^  —  cos  tf)  > 

=  «;|«  — «^  — *(y  — yg)|; 

which,  when  the  load  is  complete  np  to  A^  and  D  iacUthe  tprinf' 
infff  becomes 

P^  =  wr{^i  — sin^i(l  — co8^i)}  =  w|«i  — ^|.(6i.) 

in  which  hist  expression,  the  load  on  the  half-rib  is  given  in  tenns 
of  it«  length,  «j,  its  kcUf-span,  x^,  and  its  rise,  y^. 

The  greatest  moment  of  flexure,  M^,  on  a  ^rder-rib  of  the  hil^ 
span  c,  is  as  follows : — 


V        r>  „  /I  ,  cos*  ^,       2  oos»  #A 

-^\cB^ — - — "6 — 2 — + — sr^r 


(7) 


In  employing  these  formulie,  it  may  often  be  convenient  to  x» 
the  following  expressions  for  computing  the  radius  r  and  leogtii' 
of  any  given  arc  from  its  half-span  x  and  rise  y : — 

r  =  (y  +  ^^2;.  =  «(l+|g_|^)ne.riy.    (&) 

The  load  on  any  arc  of  the  rib  may  be  represented  graphicftlly  ii 
the  following  manner : — 

In  fig.  222,  let  A  B  be  a  quadrant^  described  about  O  with  an£0 
representing  that  of  the  intrados.  Let  C  be  the  point  up  to  vliiei 
ilie  arch  has  been  built^  and  D  any  other  Doint  in  the  inindoa 
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the  radiue  A  0  represento 

1  F,  from  whic 
i.  K>i  _        * 

f  the 

t;  tlie 
d  on    _ 
th  in  ^e- 

that  is  to  say, 
j::DG:p 
: :  C  D  G  F  :  r. 
The  point  H  is  that  below  which  the  arch-stones  oease  1 
an  the  rib,  -when  the  arch  baa  been  built  up  to  the  point  C. 
^  TliD  case  in  which  the  rib  is  completely  loaded,  the  arcl 
'shed  all  bat  the  key-stone,  is  represented  by  fig.  223. 
vertical  radios  A  0  in  K,  and  conceive  A  K  to  repres 
w  E  L II  O  B ;  L  will  be  a  point  below  which  the  stones 
as  on  the  rib  (supposing  the  arch  to  extend  so  far);  and 
M  *  =  60°.     Let  D  be  any  point  in  the  intrados;  draw 
>;  then 

AK:w:  :J)M:p 

::ADMK:P; 

if  D  is  the  springing  of  the  arch,  A  D  M  K  represci 
Seal  load  on  the  half  rib,  P..  If  the  arrow  P  in  the 
i^setits  the  position  of  one  of  the  two  supports  of  a  gin 
'  =  c  in  equation  7. 

t)  Circular  Arah  of  \2Q°  and  upioardt. — Because  the  arch 
w  the  |x>int  where  the  inclination  of  the  intrados  to  the  1 
>0*,  do  not  press  upon  the  rib  when  the  load  is  complt 
le  of  Pj  for  *j  =  !^  *  applies  also  to  all  greater  vahifs  ol 
ig  understood  that  in  every  such  case  we  are  to  make 


=vi. 


;  y,  =  j;  .,  =  10472  r 


tsoerer  the  actual  rise  and  span  of  the  arch  may  be. 
•  the  fullowing  results : — 

P,=  -6U3«>r; i 


Mi  =  wr(-e 
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(4.)  Non-circular  Arch. — ^Find  the  two  points  at  vbichtheiii- 
trados  is  inclined  60^  to  the  horizon ;  conceive  a  circular  arc  drawn 
through  them  and  through  the  crown  of  the  intrados,  and  proceed 
as  in  Case  2,  calculating  r  and  8  by  the  formulae  8,  from  x  and  y, 
the  co-ordinates  of  each  of  the  two  points  where  the  indinatkni  d 
the  intrados  is  60".  The  results  will  be  near  enough  to  the  tratli 
for  practical  purposea 

II.  STBiKCfG-PLATES  AND  Wedoe& — ^These  terms  are  applied 
to  the  apparatus  hy  which  the  centre  is  lowered  after  the  arch  has 
been  completed.  Eig.  224  represents  a  pair  of  striking-plates^  A 
and  B,  with  a  compound  wedge  G  between  them.  The  lower 
striking-plate  B  is  a  strong  beam,  suitably  notched  on  the  upper 
side,  and  resting  on  the  top  of  the  pier  or  row  of  posts  which  forms 

one  of  the  supports  of  a  centre;  the  up« 
striking-plate  A,  notched  on  the  under  s»ie, 
forms  the  base  of  part  of  the  frame  of  ^ 


n  centre;   and  the  wedge  C  keeps  the  stdk- 

Fig.  224.  ing-plates  A  and  B  asunder,    being  itself 

kept  in  its  place  by  keys  or  smaller  wedges 
driven  behind  its  shoulders.  When  the  centre  is  to  be  stiuck, 
those  keys  are  driven  out;  and  the  wedge  C  being  driven  bo^ 
with  a  mallet,  allows  the  upper  striking-plate  to  descend.  In  fi^ 
221,  p.  486,  S,  S,  S,  I'epresent  the  ends  of  pairs  of  striking-pUt« 
resting  transvei'sely  on  tlie  posts  or  piles  which  support  the  entiiv 
centre.  In  some  centres,  of  which  examples  will  be  given,  the 
striking-plates  lie  longitudinally.  In  the  centres  introdnoed  bf 
Hartley,  each  lagging  can  be  struck  separately  by  lowering  the 
wedges  or  screws  which  support  it;  so  that  striking-plates  t» 
support  the  entire  centre  are  unnecessary.    (See  p.  493.) 

III.  FEAMiKa  OF  Centres. — ^The  back-pieces  which  fonn  the 
upper  edge  of  the  rib,  are  usually  supported  at  points  from  10  to 
15  feet  asunder.  In  some  examples,  however,  those  points  are  ss 
close  as  5  or  6  feet. 

It  is  essential  that  a  centre  should  possess  stiffness  so  great  that 
polygonal  frames  of  many  sides  and  timber  arches  are  unfit  fonsa 
for  its  ribs,  because  of  their  flexibility.  Such  forms  haTc  he« 
used,  but  have  caused  great  difficulty  and  even  danger  in  the 
construction  of  the  arch.  The  kinds  of  framework  which  haw 
been  found  to  succeed  are  of  three  kinds,  viz. : — 

(1.)  Direct  supports  from  intermediate  points;  to  be  alvtp 
employed  when  practicable. 
TV     J...  )tobe  employed  when  intennfid»t* 

»  '  J      close  enough. 

(I.)  Direct  Supports  in  a  veiy  simple  form  are  illnstnted  hf  ^f 
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of  piles  support  a  series  of  pairs  of  stiiking- 
liking-platea  rest  the  ribs,  etich  of  which 
)art8 : — A  till  or  horizontal  beam,  a  eeiies 
over  the  piles,  horizontal  braces  or  wales, 
the  posts,  oblique  slriUa  near  the  iip[)cr 
i)iport  intermediate  points  in  the  buck- 
,  Besides  giWng  stiCTneas  to  the  posts,  the 
he  purpose  of  supporting  a  giren  part  of 
rtically  below  it  ^ould  give  way. 
liagram  of  Hartley's  ceati-e  for  the  Deo 
which  the 


ting  i 
rom  iron 
Q  tops  of 
of  vhich 

total  span 
were  stif- 

es  at  dis-  i.-i^^.  ^j^. 

feet  apart 

back-pieces  was  done  by  two  thicknesses 
Tram.  Inst.  Civ.  Enga.,  vol  i.) 
pairs,  are  exemplified  in  £g.  2i6.  which  is 
i  centre  of  Waterloo  Bridge.  Eucli  joint 
as  A,  B,  0,  ia,  was  independently  wiip- 
i  of  its  own,  springing  from  the  striking- 
each  point  where  many  of  those  atruta 


Fig.  226. 

ch  as  H,  I,  and  1',  they  were  connected  by 
n  socket  At  other  points  of  inteiirection 
wlted  together.  They  were  farther  stif- 
ling pieces  in  pairs,  whose  positions  are 
■he  striking-plates  were  longitudinal  and 
rted  on  struts  springing  from  the  stepped 
r  the  bridge. 
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(3.)  Truued  Girdera,  aa  applied  to  centres,  an  illnstnted  fin  6^ 
227)  oy  the  centre  of  London  Bridge.  The  sketch  ihovs  that  fix 
about  oae-fourth  of  the  span  at  oidt  side  the  support  wm  £nc^ 


Fig.  327. 

being  given  by  vertical  poRta  with  diagonal  bracca  between  than; 
while  acro«a  the  middle  half  of  the  span  the  rib  forated  a 
diagonally-braced  girder  of  great  sti&aess,  its  depth  being  abort 
une-fourth  of  iU  eptui.  The  Btriking-platea  were  longitudinal 
and  horizontoL 

The  ribs  of  a  centre  should  be  braced  together  transTersely  t? 
horizontal  and  diagonal  brocee. 

In  framing  centres  it  is  desirable  to  use  the  piecea  of  timbais 
anch  a  manner  that  they  may  be  afterwards  applied  to  othv 
purposes. 

(Addekxtuh  to  Article  174,  p.  280,  and  Article  313, 
pp.  450  to  453.) 
349  A.  Bmmwm*  sr  TiBher  M  Tnwtmm, — ^Tho  following  tn  tW 
results  of  some  recent  experiments  by  M.  Bounicean  oa  thi 
resistance  of  timber  to  twisting  and  wrenching,  extracted  &<■ 
a  paper  in  the  "  Annales  det  PotOt  et  Chau»sie»"  for  1861.  Hit 
co-efficients  are  modified  so  as  to  suit  the  foraialK  of  M.  de  Sb 
Tenant  for  resistance  to  toiston,  which  are  more  correct  thai  III 
ordinal;  formule  employed  in  the  ori^nal  ftgtx. 
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Uis.  on  the  8qun     LU.  on  Uu 
Incfa.  iDCll 

BedKneofProisift, 2.064  "6,3c 

„         of  Norway, ',^73  6i,8( 

Hm, 1.863  76.W 

Oak  {of  Normandy)^ 3.'5o  82.4( 

AA, 1.956  V6,« 

For  the  fonnube  of  M.  de  St  Venaut,  and  their  iDvesti. 
M  li^  notes  to  a  recent  edition  of  Kavier's  Traiti  da  la  Set 
Jtiitatmmix. 

The  foUowinK  are  the  formnla  ^tplicable  to  sqaare  bara:- 

Let  A  be  the  breadth  and  thicknesa  of  the  bar. 

M,  the  moment  of  torsion  required  to  wrench  it  asiiudei 

M  =  -208/A»  

Abo,  let  2  be  the  length  of  the  bar. 
U',  any  moment  of  torsion. 

t,  the  angle,  stated  ia  arc  to  radius  unit;,  through  wh 
bar  is  twisted  1:^  that  moment;  then 

- -1405  0  A*' 


limci.B  813,  p.  480. 
Ai  ts  Um  moat  ccMvomicil  ingten  of  Inelinalion  toc  dUgcinil  bracei,  ■ 
hftb.Bowia  tlw  CaS  Engiaea- and  ArchiUeei  JownaHar  1661. 

ApDtmuM  TO  Abtici-r  319,  p.  490, 
M  It  aWhiBii  mt  Cum  br   anu  sf  «■■«.— Tfafi   proMM 
knatol  bj  H.  Biudamonlln,  perfected  b>  M.  de  Suill/,  uid  eanied  inM 
tbi  Bridga  of  AuHerlitz,  In  Farii,  by  U.  Bouiut. 

T1»  Iowa  itriking-pUU  eoniiitt  of  >  limber  plitform,  eo  which  sUod  I 
*f  ratlei)  plate-Iron  cyliuden,  of  nearly  1  foot  In  dlimetar,  tad  I  foot  { 
Tba  knttr  end  of  each  cylinder  Sti  oa  >  dtcular  wooden  dbc  tbont  }  fn 
AtSBt  IJ  bcb  abore  (he  bue  of  each  cyliader  an  four  nmnd  bdo,  of  abo 
fa  dnnatar,  stopped  widi  coikL  Each  cyliader  i*  filled  about  two- Ihlrdi 
V>Btas  (bn  of  dean  dry  land;  and  upon  the  und  natalbe  lowvendof  ao 
I  «Mdn  piDDggr  loo«ly  tilling;  the  cylinder,  which  ptnnger  b,  in  fact,  Iba  1 
:  «f  lan  of  (b*  upright  puts  of  (he  framework  of  the  centre  The  Joint  be 
I  ^PP'  »d  Iba  ci'linder  ia  atopped  with  plaMer,  to  protect  the  UDd  from 
I  Whaa  tb*  centra  la  lo  be  atruck,  the  cork*  ara  taken  ool  of  tba  cylinder* 
'  Hid,  running  ddI  of  the  ludaa,  aUawa  the  centra  lo  ^k  alowly  and  ilaad 
j  Mad,  IT  ateamiy,  may  ba  looaaicd  wiih  a  hook,  to  nuika  it  ran  freely ;  an 
I  hi  dcarad  away  frooi  iha  bolca  aa  it  mna  out. 

(Eipoiititm  Uninrmilc,  lStS.—lfelkti  tur  Ut  Medm*,  Gartm,  t  Dml 


He.  S28.— [Tbc  Cnnnlin  Tkdnot,  ftwD  a  PbofaiKnph.; 
CHAPTER  V. 

OF  UETALLIC  STRUCTURES. 

Section  1.^0/ Inm  andSUd. 

350,   SaarcM  aud  CNmm  vf  twmm  !■  OdBecwk— It  would  b«  ftn^ 

to  the  subject  of  the  preseot  treatise  to  enter  into  deteila  as  to  d« 
ores  from  whicU  iron  is  obtained,  and  tbe  processea  of  its  nunn-    I 
fucture.     A  brief  eununai-y,  therefore,  of  those  matters  will  slow 
be  given,  referring  for  more  full  information  to  such  -works  •*    | 
Fairbaim  On  tJie  Iron  Manujadure;   Truran  On  the  Iron  Trait:    ' 
Musbet's  Papers  on  Iron  and  Steel;  K&rsten's  Uandbuc/t  der  Eitm- 
huettenhijide;  Phillips's  Manwtl  qf  MttaUurgy. 

The  chemical  equivalent  of  iron  i^  S6  times  that  of  fajdrog^ 
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Tiie  folloirmg  are  the  most  common  conditions  in  which  iron  is 
£otind  in  its  ores: — 

L  Native  Iron,  being  iron  nearly  pore^  or  oom- 
bined  with  from  one-fourth  to  one-hnndredth 
pari  of  its  weight  of  nickeL  This  is  yeiy 
rare,  and  is  fiMud  in  detached  masses,  which 
are  known,  or  supposed,  to  have  £sUen  from 
the  heayens,  .r.. So  to  ICO 

VL  Protoxide  or  Black  Oxide  of  (  Iron, I  $6 )  « 

Iroo, i  Oxygen, I  i6  J    '  '' 

Frotozide  of  Iron  b  only  found  in  combination  with  other  aabstances. 

n.  Pteoxide  or  Red  Oxide  of  C  boo, 2        "?  j  ifo  70 

Iron, i  Oxygen, 3  48  t  ' 

W.  Kagnetie  Oxide  of  Iron,. |  ^^^^C^Z'.'.'l        'S  \  ^^  ^"""^ 

T,  BydiateofPen>zideofIron  = 

_       ,,     -T       o    ^  ^  Iron, 4    -.224^ 

P«««,oruon.2..on-,....  ^  l\....J,,,  60 

.    w^, 8  .ton»....  { s^;^;::::::! ' ...  6  J 

■ 

TL  Carbonate  of  Iron  = 


Protoxide  of  Iron,  1  atom,...  |  Oxy^"..\V.V"."I )  "'  ^gj  „6 

c«bcnicAcid, iatom,...{  c3toS!^.":;::;:i  .!!  12  J 
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Iron  is  found  combined  with  sulphur,  forming  what  is  called 
Iron  Pyrites;  but  that  mineral  is  not  available  for  the  manufacture 
of  iron;  and  it  forms  a  pernicious  ingredient  in  ores,  or  in  the  fuel 
used  to  smelt  them,  because  of  the  weakeniug  effect  of  sulphur  upon 
iron.     The  same  is  the  case  with  Phosphate  of  Iron, 

The  most  abundant  foreign  ingredients  found  mixed  with  com- 
pounds of  iron  in  its  ores  are  siliceous  sand  and  silicate  of  alumina^ 
or  clay;  next  in  abundance  are  the  carbonates  of  lime  and  mag- 
nesia. Amongst  other  foreign  ingredients,  which,  though  not 
alnmdant,  have  an  influence  on  the  quality  of  the  iron  produced,  are 
carbon,  manganese,  arsenic,  titanium,  &c  Of  these  manganese  and 
carbon  alone  are  beneficial ;  for  manganese  gives  increased  strength 
to  steel,  and  carbon  assists  in  reducing  the  ore;  all  the  rest  are 
hnrtfdL 

The  most  common  Ores  of  Iron  are  the  following: — 

L  Magnetic  Iron  Ore,  consisting  of  magnetic  oxide  of  iron,  pure, 
or  almost  pure,  and  containing  72  per  cent,  of  iron,  is  found  chiefly 
in  veins  traversing  the  primary  strata^  and  amongst  plutonic  rocks, 
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and  is  the  source  of  aome  of  the  finest  qualities  of  iron,  such  as  thoie 
of  Sweden  and  the  North-Eastem  United  States. 

II.  Bed  Iron  Ore  is  peit>xide  of  iron,  pure  or  mixed  Wbea 
pure  and  crystalline,  it  is  called  Specular  Iron  Ore^  or  Iron-^Utmet; 
when  pure,  or  nearly  so,  and  in  kidney-shaped  masses,  showing  a 
fibrous  structure,  it  is  called  Bed  ffcematiie;  when  mixed  with  ka 
or  more  clay  and  sand,  it  is  called  Red  Ironstoim  and  Red  Ochit.  It 
is  found  in  various  geological  formations,  and  is  purest  in  the  tAikuL 
The  purer  kinds,  iron-gluioe  and  hematite,  produce  excellent  iron; 
for  example,  that  of  Nova  Scotia. 

IIL  Brown  Iron  Ore  is  hydrate  of  peroxide  of  iron,  pin«*or 
mixed.  When  compact  and  nearly  pure,  it  is  called  Bronti 
HoBmatite;  when  earthy  and  mixed  with  much  clay,  Ydkm 
Ochre.  It  is  found  amongst  various  strata,  especially  those  of  later 
formations. 

IV.  Carbonate  of  Iron^  when  pure  and  crystalline,  is  ctQed 
Sparry  or  Spathose  Iron  Ore;  when  mixed  with  clay  and  sand,  CZoy 
Ironstone;  when  clay  ironstone  is  coloured  black  by  carbonaoeoaB 
matter,  it  is  called  Black4>and  Ironstone.  These  ores  are  found 
amongst  various  primary  and  secondary  stratified  rocks,  sod 
especially  amongst  those  of  the  coal  formation. 

The  proportion  of  earthy  matter  in  the  ordinary  ores  contuniog 
carbonate  of  iron  ranges  from  10  to  40  per  cent. 

The  iron  of  Britain  is  manufactured  partly  from  hematite,  but 
chiefly  from  clay  ii*onstone  and  black-band. 

The  extraction  of  iron  from  its  ores  consists  of  a  combination  of 
processes,  which  may  be  described  in  general  terms  as  follows  :'If 
the  iron  is  in  the  state  of  carbonate,  the  carbonic  add  is  expdkd 
by  the  agency  of  heat,  leaving  oxide  of  iron ;  the  earthy  constitnenti 
of  the  ore  are  removed  by  means  of  the  chemical  affinity  of  other 
earths  (especially  lime),  forming  a  glassy  refuse  called  Slag;  the 
oxygen  is  taken  away  from  the  iron  by  means  of  the  chemical 
affinity  of  carbon ;  and  in  certain  processes,  carbon,  combined  wilk 
the  iron,  is  taken  away  by  means  of  the  chemical  affinity  of  oxjg^ 
There  are  also  processes  whose  object  is  to  combine  the  iron  with 
certain  proportions  of  carbon.  The  substances  employed  in  the 
extraction  of  iron  from  its  ore  may  be  thus  dasaed, — ^the  are  itsdf; 
the  Judy  which  produces  heat  by  its  combustion,  and  suf^iea  ea^ 
bon;  the  air,  which  supplies  oxygen  for  the  combustion  of  the  fad; 
the^tio;  (generally  lime),  which  promotes  the  fusion  of  the  ore^and 
combines  with  its  earthy  constituenta 

In  some  cases  a  substance  is  also  used  in  order  to  remove  tnl* 
phur  and  phosphorus  from  the  ores  and  fueL  In  this  process  (tha 
invention  of  Mr.  Calvert),  chlorine,  or  some  chloride,  by  prefiereofla 
common  salt,  is  employed  in  such  quantity  that  for  every 
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i6  parts  of  sulphur       )  in  tlie  ore 
r  33  parts  of  phosphorus  J     or  fuel, 
;  35  parts  of  chlorine; 
I  33  parts  of  sodium  to  35  of  chlorine, 

58  parts  of  common  salt 

Ihe  metallic  products  of  the  iron  manufacture  are  of  three  kinds ; 
-""-life  or  wrought  iron,  being  pure  or  nearly  pore  iron;  out  iron 
'ed,  being  certain  compounds  of  iron  with  carbon.* 
.  iHrflriOM  af  \f». — The  strength  and  other  good  qualities 
se  products  depend  mainly  on  the  absence  of  impurUiet,  and 
ally  of  certain  substances  which  are  known  to  cause  brittle- 
md  weakness,  of  which  the  most  important  are,  sulphur, 
horns,  silicon,  calcium,  and  magnesium, 
pliur  and  (according  to  Mushet)  calcium,  and  probably  also 
sium,  make  iron  "  red  e/iort,"  that  is,  brittle  at  high  temper- 
;  phosphorus  and  (according  to  Mushet)  silicon  make  it 
ihori;"  that  is,  brittle  at  low  temperatures.  These  are  both 
i  defects ;  but  the  latter  is  the  worse. 

'Jatr  comes  in  general  from  cosl  or  coke  used  as  fueL  Its 
ious  effects  can  be  avoided  altogether  by  using  fuel  which 
na  no  sulphur;  and  hence  the  strongest  and  toughest  of  all 
I  that  which  is  melt«d,  reduced,  and  puddled  either  with 
al,  or  with  coal  or  coke  that  is  free  from  sulphur.  As  to  the 
lal  removal  of  sulphur,  see  the  preceding  Article. 
tjAonta  cornea  in  most  cases  from  phosphate  of  iron  in  the 
r  from  phosphate  of  lime  in  the  ore,  the  fuel,  or  the  flux. 
^vert's  method  of  removing  it  hss  already  been  mentioned 
The  ores  which  contain  roost  phosphorus  are  those  found 
ita  where  animal  remains  abound,  such  as  those  of  the  oolitic 

n'um  and  Silicon  are  derived  respectively  from  the  decom- 
n  of  lime  and  of  silica  by  the  chemical  affinity  of  carbon  for 
osygen.  The  only  iron  which  is  entirely  free  from  these 
ties  is  that  which  is  made  by  the  reduction  of  ores  that  con- 
either  silica,  nor  lime,  such  as  pure  magnetic  iron  ore,  pure 
ite,  or  pure  sparry  iron  ore. 

ther  of  those  earths  be  present  in  the  ore,  the  other  must  be 
aa  a  flux,  to  form  a  slog  with  it;  and  a  small  portion  of 
F  them  will  be  deoxidated,  the  bases  uniting  with  the  iron. 
a  defect  of  earthy  ores  for  which  no  remedy  is  yet  known. 
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The  statements  made  reLatiye  to  calcium  are  applicable  abo  to 
magnesium. 

The  effect  of  aluminium  upon  iron  is  not  known  with  cer- 
tainty. 

352.  Cast  Iron  is  the  product  of  the  process  of  smeltkig  iron 
ores.  In  that  process  the  ore  in  fragments,  mixed  with  fuel  and 
with  flux^  is  subjected  to  an  intense  heat  in  a  blast-fumaoe,  and 
the  products  are  slag,  or  glassy  matter  formed  by  the  oombiiuitia& 
of  the  flux  with  the  earthy  ingredients  of  the  ore,  and  jn^tron, 
which  is  a  compound  of  iron  and  carbon,  either  unmixed,  or  mixed 
with  a  small  quantity  of  uncombined  carbon  in  the  state  of 
plumbago. 

The  ore  is  often  roc^sted  or  calcined  before  being  smelted,  xa 
order  to  expel  carbonic  acid  and  water. 

The  proportions  of  ore,  fuel,  and  flux  are  fixed  by  trial;  and  ^ 
success  of  the  operation  of  smelting  depends  much  on  those  propor- 
tions. The  flux  is  generally  limestone,  from  which  the  carbooic 
add  is  expelled  by  the  heat  of  the  furnace;  while  the  line 
combines  with  the  silica  and  alumina  of  the  ore.  If  the  ore 
contains  carbonate  of  lime,  less  lime  is  required  as  a  flax.  If 
either  lime  or  silica  is  present  in  excess,  part  of  the  earth  wfaidi  ia 
in  excess  forms  a  glassy  compound  with  oxide  of  iron,  which  nan 
off  amongst  the  slag,  so  that  part  of  the  iron  ia  wasted;  and 
another  part  of  that  earth  becomes  reduced,  its  base  comUniog 
with  the  iron  and  maldng  it  brittle,  as  has  been  stated  in  tlie 
preceding  article ;  so  that  in  order  to  produce  at  once  the  greater 
quantity  and  best  quality  of  iron  from  the  ore,  the  earthy  in* 
gredients  of  the  entire  charge  of  the  furnace  must  be  in  catai& 
definite  proportions,  whidi  are  discovered  for  each  kind  of  on  I7 
careful  experiment. 

The  total  quantity  of  carbon  in  pig  iron  ranges  from  2  to  5  ps 
cent  of  its  weight. 

Different  kinds  of  pig  iron  are  produced  firom  the  same  ore  in  the 
same  furnace  under  different  circumstances  as  to  temperaUne  and 
quantity  of  fuel.  A  high  temperature  and  a  large  quantity  of  fad 
produce  ffrey  cast  iron,  which  is  further  distinguished  into  Na  1» 
No.  2,  No.  3,  and  so  on;  No.  1  being  that  produced  at  the  h^beft 
temperature.  A  low  temperature  and  a  deficiency  of  fuel  piodace 
tckite  coat  iron.  Grey  cast  iron  is  of  different  shades  of  Unidfc- 
grey  in  colour,  granular  in  texture,  softer  and  more  easily  foAie 
than  white  cast  iron.  White  cast  iron  is  silvery  white,  vshs 
granular  or  crystalline,  comparatively  difiicult  to  melt^  brxt^  and 
excessively  hard. 

It  appears  that  the  differences  between  those  kinds  of  nt* 
depend  not  so  much  on  the  total  quantities  of  carbon  wiudi  tbef 
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etrntaiD  as  on  the  proportions  of  that  carbon  which  are  respectively 
b  the  conditions  of  mechanical  mixture  and  of  chemical  combi- 
nation with  the  iron.  Thus,  grey  cast  iron  contains  one  per  cent, 
and  sometimes  less,  of  carbon  in  chemical  combination  with  the 
iron,  and  from  one  to  three  or  /our  per  cent,  of  carbon  in  the  state 
of  plumhogo  in  mechanical  mixture;  while  white  cast  iron  is  a 
liomogeneous  chemical  compound  of  iron  with  from  2  to  4  per  cent, 
of  carbon.  Of  the  different  kinds  of  grey  cast  iron,  "No,  1  con- 
tains the  greatest  propoi'tion  of  plumbago,  No.  2  the  next,  and 
80  oa 

There  are  two  kinds  of  white  cast  iron,  the  grantUar  and  the 
cryOaUine.  The  granular  kind  can  be  converted  into  grey 
cast  iron  by  fusion,  and  slow  cooling;  and  grey  cast  iron 
can  he  converted  into  granular  white  cast  iron  by  fusion  and 
sadden  cooling.  This  takes  place  most  readily  in  the  best  iron. 
Ciygtalline  white  cast  iron  is  harder  and  more  brittle  than 
granular,  and  is  not  capable  of  conversion  into  grey  cast  iron  by 
fasion  and  slow  cooling.  It  is  said  to  contain  more  carbon  than 
gtannlar  white  cast  iron ;  but  the  exact  difference  in  their  chemical 
composition  is  not  yet  known. 

Grey  cast  iron.  No.  1,  i3  the  most  easily  fusible,  and  produces 
tbe  finest  and  most  accurate  castings ;  but  it  is  deficient  in  hard- 
ness and  strength;  and,  therefore,  although  it  is  the  best  for 
castings  of  moderate  size,  in  which  accuracy  is  of  more  importance 
tium  strength,  it  is  inferior  to  the  harder  and  stronger  kinds.  No. 
i  and  1^0.  3,  for  large  structures. 

353.  sorengfii  •€  Caat  Iron. — Something  has  been  already  stated 
as  to  the  comparative  strength  of  different  kinds  of  cast  iron.  It 
may  be  laid  down  as  a  general  principle,  that  the  presence  of 
plumbago  renders  iron  comparatively  weak  and  pliable,  so  that  the 
onfer  of  strength  among  different  kinds  of  cast  iron  from  the  same 
ore  and  fuel  is  as  follows : — 

Granular  white  cast  iron. 

Grey  cast  iron,  No.  3.  , 

„  „        No.  2. 

„  „        No.  1. 

Ciystalline  white  cast  iron  is  not  introduced  into  this  classifi- 
cation, because  its  extreme  brittleness  makes  it  unfit  for  use  in 
engineering  structures. 

Granular  white  cast  iron  also,  although  stronger  and  harder 
tiian  grey  cast  iron,  is  too  brittle  to  be  a  safe  material  for  the 
SDtire  mass  of  any  girder,  or  other  large  piece  of  a  structure;  but 
ife  is  nsed  to  form  a  hard  and  impenetrable  skin  to  a  piece  of  grey 
iron  by  the  process  called  chilling.    This  consists  in  lining  the 
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portioD  of  the  mould  where  a  hardened  8xir£Eice  is  required  wil^ 
suitably  shaped  pieces  of  iron.  The  melted  metal,  on  being  run  is,  is 
cooled  and  solidified  suddenly  where  it  touches  the  cold  iron ;  ud 
for  a  certain  depth  from  the  chilled  sur&ce,  varying  from  about 
|th  to  ^  inch  in  different  kinds  of  iron,  it  takes  the  white  gnnokr 
condition,  while  the  remainder  of  the  casting  takes  the  grej  oo&* 
dition. 

Even  in  castings  which  are  not  chilled  by  an  iron  lining  to  the 
mould,  the  outermost  layer,  being  cooled  more  rapidly  thiai  the 
interior,  approaches  more  nearly  to  the  white  condition,  and  fonns 
a  skin  harder  and  stronger  than  the  rest  of  the  casting. 

The  best  kinds  of  cast  iron  for  large  structures  are  No.  2  awl 
No.  3 ;  because,  being  stronger  than  No.  1,  and  softer  and  more 
flexible  than  white  cast  iron,  they  combine  strength  and  pliabiiity 
in  the  manner  which  is  best  suited  for  safely  beeiring  loads  Uia^ 
are  in  motion. 

As  to  the  comparative  strength  of  irons  melted  by  the  cold  blast 
and  by  the  hot  blast,  it  appears  from  the  experiments  of  Mr. 
Fairbaim  and  Mr.  Hodgkinson,  that  with  the  same  kind  of  oieaiMl 
fuel,  No.  1  cold  blast  is  in  general  superior  to  No.  1  hot  blast  iron; 
No.  2  hot  and  cold  blast  are  about  equally  good ;  Na  3  hot  Wast  iJ 
in  geneiul  superior  to  No.  3  cold  blast;  and  the  average  quality 
of  the  iron  on  the  whole  is  nearly  the  same  with  the  hot  as  with 
the  cold  blast. 

A  strong  kind  of  cast  iron  called  UmgJieTied  cast  irony  is  pio- 
duccd  by  the  process,  invented  by  Mr.  Merries  Stirling,  of  adding 
to  the  cast  iron,  and  melting  amongst  it,  from  one-fourth  to  one- 
seventh  of  its  weight  of  wrought  iron  sci'ap. 

The  manner  in  which  the  strength  of  cast  iron  depenA*5  on  tie 
absence  of  impurities  from  the  oi-e  and  fuel  has  already  te^ 
mentioned  in  Article  351,  p.  497. 

Various  mixtures  of  different  qualities  of  iron  have  been  recent 

mended  by  different  engineei"s  as  materials  for  large  castings.    (On 

this  i>oint  see  the  Report  on  tlie  Application  of  Iran  to  ^ai/jcajf 

Siruciui^y  p.  265.)    For  example,  Mr.  Fairbaim  recommended  tl* 

ibllowing  combination : — 

Lowmoor,  No.  3, 30  percent 

Blaina,  or  Yorkshire,  No.  2, 25        „ 

Shropshire,  or  Derbyshire,  No.  3, 25        „ 

Good  old  malleable  scrap,  20        „ 

Sir  Charles  Fox  recommended  a  combination  of  tiro-tLin* 
Welsh  cold  blast  iron,  and  one-third  Scotch  hot  blast  iron,  u* 
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htter  bein^  mann&ctnred  from  equal  proportions  of  b 
■nd  luem&tite  ores.  But  both  these  and  otW  engineera 
coDsidering  that  the  best  course  for  an  engineer  to  take  ii 
obtaia  iron  of  a  certain  strength  for  a  proposed  stmctun 
to  specify  to  the  founder  any  particular  mixture,  but  to 
certain  minimnm  strength  whidi  the  iron  should  exert  wl 
by  experimenL 

The  strength  of  cost  iron  to  resbt  cross  breaking  was 
Mr.  Fatrbairn  to  be  increased  by  repeated  mdtingt  \ 
tmijih,  vhen  it  was  greater  than  at  the  first  in  the  ratio 
nearly.  After  the  twdfth  melting  that  sort  of  strength  rapit 

The  re«iitance  to  crushing  went  on  increasing  after  eai 
UTe  melting;  and  after  the  eighteenth  melting  it  was  dov 
original  amount,  the  iron  becoming  silvery  white  and 
bud. 

The  transverse  strength  of  TTo.  3  cast  iron  was  founi 
Pairbaim  not  to  be  diminished  by  raising  its  temperatun 
Fahr.  (being  about  the  temperature  of  melting  lead), 
heat  its  strength  fell  to  two-Uiirds. 

The  strength  of  cast  iron  of  every  kind  is  marked  by 
perties;  the  emallness  of  the  tenacity  as  compared  with  1 
ance  to  crushing,  and  the  different  values  of  the  m 
mptttie  of  the  same  kind  of  iron  in  bars  torn  directly  asu 
m  beams  of  different  forms  when  broken  across.  Thes 
stances  have  already  been  referred  to  in  Article  157 
Article  164,  pp.  256  to  256,  and  Article  166,  p.  2< 
variations  in  the  modulus  of  rupture  for  beams  of  differe 
wise  in  all  probability  from  the  greater  tenacity  of  th 
compared  with  the  interior  of  the  casting;  for  an  experii 
bar  torn  directly  asunder  shows  the  least  tenacity  of  it 
particles;  while  esperimenta  on  Iteams  broken  across  . 
tenacity  of  some  layer  which  is  nearer  to  or  further  fron 
accordiog  to  the  form  of  cro&s-scction. 

Intense  cold  makes  cost  iron  brittle;  and  sudden  cl 
temperature  sometimes  cause  large  pieces  of  it  to  split. 

Tlie  proof  ttreagth  of  cast  iron  has  been  shown  to 
oru-lldrd  o/the  breoHng  load,  by  experiments  already  mei 
the  note  to  p,  221.  The  usual  factor  of  safely  for  the 
load  on  railway  structures  of  cast  iron  is  six.  (See  Ai 
p.  222.) 

In  addition  to  the  data  in  the  tables  at  the  end  of  th 
die  following  table  gives  results  as  to  the  strength  of 
extracted  and  condensed  from  the  experiments  of  Mr. 
and  Ur.  Hodgkinson.  All  the  co-efficients  are  in  Ibi 
■qoaieinch. 
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EtndB  of  Iron. 


/from 

\to 

ffrom 

tto 

/from 

Ito 

ffrom 

ito 

ffrom 

Ito 

(from 

ito 

No.  4.  Smelted  by  coke  without  sulphur, 

Toughened  cast  iron, 4  . 

No.  3.  Hot  blast  after  first  meltings 

„  „  „    twelfth  melting,... 

„  „  „    eighteenth  „     ... 

(Malleable  Cast  Iron.-— See  p.  587.) 


No.  1.  Cold  blast, 
No.  1.  Hot  blast,  . 
No.  2.  Cold  blast, 
No.  2.  Hot  blast,  . 
Ko.  3.  Cold  blast, 
No.  3.  Hot  blast,  . 


Direct 
Tenacity. 


12,694 
17,466 

13434 
l6,I2g 

13' 505 

17.807 
14,200 

151S08 
1S.278 
23,468 

23,461 
251764 


Resistance 
to  Direct 
Crashing. 


Modnlas 

of 

RnptOTB 

(rfSqutxe 

Bars. 


36.693 

39.771 
29,889 

35»3»6 

33-453 
39,609 

28,917 

gif 

47.061 
35.640 
43.497 
41.715 


Daitkttr. 


56.455 
80,561 

72.193 
88,741 

68,532 

102,408 

82,734 
102,030 

76,900 
115.400 
101,831 
104,881 

129,876 
"9.457 

98.560 ;  39.690 

163,744  56,060-   — 
197,120  :  25,350 


I4,ooaooo 
i5,38aoa) 

i5,5ioxx)0 
I2,s86j000 
17,036.000 
12,259,000 
16.301,000 

I4,2Sl,000| 
22,QOS,000J 

15352000 
22,733'«»' 


It  is  to  be  understood  that  tlie  nnmbers  in  one  line  of  the  pre- 
ceding table  do  not  necessarily  belong  to  the  same  specimen  of  ixo&i 
each  number  being  an  extreme  result  for  the  kind  of  iron  specified 
in  the  first  column. 

The  mockUua  0/ rupture  of  cast  iron  hy  wrenching,  according  to  sn 

average  of  several  experiments,  is 


27,700  lbs.  on  the  square  inch. 
If  this  be  denoted  by/'jthe  wrenching  jnoments  of  cast  iron  shafts  «* 

,3  V  in  incL-fl* 

for  hollow  cylinders :  diameter,  outside,  h^,  inside,  Aq,  •196/'  '-nr 
(See  also  p.  005.) 


for  round  bars  of  the  diameter  h,  '196  f  h^ 
for  square  bars  of  the  dimensions  h  X  A,  '208/* 


354.  Castings  for  ^Tories  of  EBgiBcerfaig. — ^The  quality  of  the  iroQ 
suitable  for  such  castings  has  already  been  discussed. 

As  to  appearance,  it  should  show  on  the  outer  surfeoe  a  smocta, 
clear,  and  continuous  skin,  with  regular  faces  and  sharp  angie^ 
"When  broken,  the  surface  of  fiucture  should  be  of  a  light  bloish-grpf 
colour  and  close-grained  texture,  with  oonsiderable  metallic  loativ; 
both  colour  and  texture  should  be  uniform,  except  that  near  tke 
»^in  the  colour  may  be  somewhat  lighter  and  the  grain  closer;  u 
fractured  surface  is  mottled,  either  with  patches  of  darker  tf 
>r  iron,  or  with  crystalline  patches,  the  casting  will  be  usaAl 
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md  it  win  be  Btill  more  muafe  if  it  contoiiiB  air-bubbles, 
■hcmld  be  soft  enoagh  to  be  elightly  indeated  by  a  blow  of 
va  am  edge  of  the  castdDg. 

Cutiaga  are  tested  for  air-bubbles  bj  Tinging  the 
htmmer  all  over  the  soHace. 

Cut  iron,  like  many  other  subetancefl,  when  at  <^ 
temperatore  of  faaion,  is  a  little  more  bulky  for  the  samt 
the  solid  than  in  the  liquid  state,  as  b  shown  by  the 
fioating  on  tlie  melted  iron.  This  causes  the  iron  as  i 
to  fill  all  parts  of  the  mould  completely,  and  to  take  a 
sccmate  figure. 

The  solid  iron  oontrects  in  cooling  from  the  melting  [ 
to  the  temperature  of  the  atmosphere,  by  ^th  part  in  < 
hnear  dimeusioas,  or  orte-nghlh  of  an  inch  in  afoot;  anc: 
pattems  for  castings  are  made  lai^r  in  that  proportioi 
iuteuded  pieces  of  cast  iron  which  they  represent. 

Id  deeigning  patterns  for  castings,  care  ranst  be  takf 
ill  abrupt  Tariations  in  the  thickness  of  metal,  lest  pf 
casting  near  each  other  should  be  caused  to  cool  and  cot 
mteqaa]  lapidi^,  and  so  to  split  asunder  or  overstrain  tl 

Iron  becomes  more  compact  and  sonnd  by  being  i 
pressure;  and  hence  oast  iron  cannon,  pipes,  columni 
like,  are  stronger  when  cast  in  a  vertical  than  in  a 
poution,  and  stronger  still  when  provided  with  a  A« 
ditional  column  of  iron,  whose  weight  serves  to  compree 
of  iron  in  the  movdd  below  it.  The  air  bubbles  ascend  j 
in  the  head,  which  is  broken  off  when  the  casting  is  cool 

Care  should  be  taken  not  to  cut  or  remove  the  skin 
tf  cast  iron  at  those  points  where  the  stress  is  intense. 

Cast  iron  expands  in  linear  dimensions  by  about  1 
"OOIll,  in  rising  from  the  freezing  to  the  boiling  point 
being  at  the  rate  of  -00000617  for  each  d^ree  of  Fahrenl 
or  about  "0004  for  the  range  of  temperature  which  is  ui 
British  climate.  Every  structure  containing  cast  iron  niu 
ngned  that  the  greatest  expansion  and  coctraction  of  the 
change  of  temperature  shall  not  injure  the  structure.     <E 

355.  Wr*asb(  ar  naiimbic  !■«■  in  its  perfect  co 
amply  pure  iron.  It  falls  short  of  that  p^ect  cond 
greater  or  less  extent  owing  to  the  presence  of  imj 
which  the  most  common  and  injnrious  have  been  ment 
their  effects  stated,  in  Article  351,  p.  497 ;  and  its  str 
general  greater  or  less  according  to  the  greater  or  less  pn 
ore  and  fuel  employed  in  its  manuiaoture. 

Malleable  iron  may  be  made  either  hy  direct  reduction 
or  ^  the  abstraction  of  the  carbon  and  various  impui 
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cast  iron.  The  process  of  direct  reduction  is  applicable  to  ridi  sod 
pure  ores  only;  and  it  leaves  a  slag  or  "  cinder"  whicli  contains  a 
large  proportion  of  oxide  of  iron,  and  yields  pig  iron  by  smeltiiig. 
The  most  economical  and  generally  applicable  process  is  that  of 
removing  the  foreign  constituents  from  pig  iron;  and  for  tltat 
purpose  white  pig  iron  (called  "forge  pig")  is  usually  employed, 
partly  because  it  retains  less  carbon  on  the  whole  than  grey  pig  iron, 
and  partly  because  it  is  unfit  for  making  castings.  The  details  of  the 
process  are  very  much  varied ;  but  the  most  important  principle  of 
its  operation  always  is  to  bring  the  pig  iron  in  a  melted  state  into 
close  contact  with  a  quantity  of  air  sufficient  to  oxidate  ail  dw 
carbon  and  silicon.  The  carbon  escapes  in  carbonic  oxide  or 
carbonic  acid  gas;  the  silica  produced  by  the  oxidation  of  tlie 
silicon  combines  partly  wi^^  protoxide  of  iron  and  partly  vitk 
lime  (which  is  sometimes  introduced  as  a  flux  for  it),  and  formi 
slag  or  "cinder."  Chloride  of  sodium  (common  salt)  is  used  to 
remove  sulphur  and  phosphorus.  In  one  form  of  the  process  this 
is  accomplished  by  injecting  jets  of  steam  amongst  the  molteiL 
iron;  the  oxygen  of  the  steam  assists  in  oxidating  the  carloa 
and  silicon,  and  the  hydrogen  combines  with  the  sulphur  and 
phosphorus.  The  surest  method^  however,  of  obtaining  iron  free 
from  the  weakening  effects  of  sulphur  and  phosphorus  is  to  employ 
ores  and  fuel  that  do  not  contain  those  constituents. 

The  most  common  form  of  the  process  of  making  malleable  iron 
is  puddling,  in  which  the  pig  iron  is  melted  in  a  reverberatoir 
furnace,  and  is  brought  into  close  contact  with  the  air  by  stininj 
it  with  a  rake  or  "  rabble."  Some  iron  makers  precede  the  process 
of  puddling  by  that  of  "  refining,"  in  which  the  pig  iron,  in  a 
melted  state,  has  a  blast  of  air  blown  over  its  surfiice.  This  removes 
paii}  of  the  carbon,  and  leaves  a  white  crystalline  compound  of  iron 
and  carbon  called  "  refiners*  metal."  Others  omit  the  refining,  and 
at  once  puddle  the  pig  iron;  this  is  called  '*pig  boiling."  The 
removal  of  the  carbon  is  indicated  by  the  thickening  of  the  mass  of 
iron,  malleable  iron  requiring  a  higher  temperature  for  its  fasion 
than  cast  iron.  It  is  formed  into  a  lump  called  a  "loup""  cr 
"  bloom,"  taken  out  of  the  furnace,  and  placed  under  a  tilt  hammer 
or  in  a  suitable  squeezing  machine,  to  be  "  shingled;"  that  is,  to 
have  the  cinder  forced  out,  and  the  particles  of  iron  welded 
together  by  blows  or  pressure. 

The  bloom  is  then  passed  between  rollers,  and  rolled  into  a 
bar;  the  bar  is  cut  into  short  lengths,  which  are  fagotted  together, 
reheated,  and  rolled  again  into  one  bar;  and  this  process  is  repeated 
till  the  iron  has  become  sufficiently  compact  and  has  acquired  a 
£brous  structure. 

In  Mr.  Bessemer*s  process,  the  molten  pig  iron,  having  been  nm 


of  air  blown  throuKb  it  by  a  blowing 
air  combines  witS  the  Bilicon  and 
so  doing  produces  enougb  of  beat  to 
te  till  it  is  brought  to  the  malleable 
»  large  ingots,  which  ai-e  hammered 
This  process  baa  been  moat  success- 
that  is  free  from  sulphur  and  pbos- 
1  and  Nova  Scotia, 
ar  iron  are  iadicat«d  by  a  fine,  close, 
!,  free  from  all  appearance  of  ci^sta!- 
ey  colour  and  silky  lustre  on  a  toiu 

1  counts  of  alternate  layers  of  fibres 
to  be  nearly  of  the  same  tenacity  in 

bed  by  the  property  of  wdding:  two 
hite  heat  and  pressed  or  hammei'cd 
to  form  one  piece.  In  all  operations 
which  welding  forms  a  part,  it  in 
I  be  welded  should  be  brought  into 
perfectly  clean  and  free  from  oxide  of 
atter. 

ral  bars  are  to  be  fagotted  or  rolled 
aid  to  the  manner  in  which  they  are 
I  that  the  pressure  exerted  by  the 
transmitted  through  the  whole  muss. 
ed  bar  or  other  piece  may  show  flaws 
in  the  bars  of  the  pile  (as  is  often 

is  at  first  made  more  compact  and 
aering,  or  otherwise  working  it,  soon 
length,  after  which  all  reheating  and 
nker  (as  will  afterwards  be  shown  by 
as  in  general  attaiued  its  raa^cimum 
1  operations  of  foipng  it,  whether  on 
,he  steam-hammer  or  by  that  in  the 
desired  size  and  figure  ought  to  be 
,mount  of  reheating  and  working. 
ite  to  what  extent  and  under  what 
Dsea  its  fibrous  structure  and  tough- 
and  brittle.  By  some  authorities  it 
ad  vibrations  tend  to  produce  thut 
1  only  ikcvrp  shocks  and  vibrations  do 
hange  takes  place ;  but  that  the  sama 
brous  fracture,  if  gradually  broke'' 
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a  steady  load,  will  show  a  crystalline  fractaro,  if  suddenly  brafaa 
by  a  sharp  blow.  The  author  of  this  work  at  one  time  made  a 
collection  of  several  journals  of  railway  carriage  axles,  which,  ifter 
running  for  two  or  three  years,  had  broken  spontaneously  by  tke 
gradual  creeping  inwards  of  an  invisible  crack  at  the  shoulder.  Dm 
fracture  of  every  one  of  these  was  wholly  or  almost  wholly  fihroas; 
while  other  axles  from  the  same  works,  when  broken  hy  tin 
hammer,  showed  some  a  fibrous  and  others  a  ciystaliine  finactnte* 
It  is  certain,  at  all  events,  that  iron  ought  to  be  as  litde  as  ponUe 
exposed  to  sharp  blows  and  rattling  vibrations. 

It  is  of  great  importance  to  the  strength  of  all  pieces  of  forged 
iron  that  the  continuUi/  qfthejtbres  near  the  surface  should  be « 
little  interrupted  as  possible;  in  other  words,  that  the  fibres  neu 
the  surfiice  should  He  in  layers  paraUel  to  the  sui&ce;  Tliii 
principle  is  illustrated  by  the  results  of  some  experiments  made  bf 
the  author  of  this  work  on  the  fracture  of  axlea  Two  ^ndiial 
^vrought  iron  railway  carriage  axles,  one  rolled,  the  other  fiigotted 
with  the  hammer,  of  four  inches  in  diameter,  were  taken;  spiff 
of  joumalB  of  two  inches  in  diameter  were  formed  on  the  en&  of 
each  axle,  one  journal  being  reduced  to  the  smaller  diameter 
entirely  by  turning,  so  that  the  fibres  at  the  shoulder  did  not  foQov 
the  surface,  and  the  other  as  far  as  possible  by  forging  with  tbs 
hammer,  only  one-sixteenth  of  an  inch  being  turned  off  in  tlie 
lathe  to  make  it  smooth,  so  that  the  fibres  at  the  shoulder  followed 
the  surface  almost  exactly.  All  the  journals  were  then  broken  off 
by  blows  with  a  16  lb.  hammer;  when  those  whose  diameters  liiii 
been  reduced  by  turning  broke  off  with  the  Jint  blow;  awl  flf 
those  which  had  been  drawn  down  by  forging,  that  of  the  loDtd 
axle  broke  off  with  the  Ji/th  blow,  that  of  the  hammered  axle  vitt 
the  eighth,     {Proceedings  of  the  Inst  of  Civil  Engineers^  184^) 

Another  important  principle  in  designing  pieces  of  forged  ixttt 
which  are  to  sustain  shocks  and  vibrations,  is  to  avoid  as  nncb 
as  possible  abrupt  variations  of  dimensions  and  angular  figoi^ 
especially  those  with  re-entering  angles;  for  at  the  points  where 
such  abrupt  variations  and  angles  occur  fractures  are  apt  to 
commence.  If  two  parts  of  a  shaft,  for  example,  or  of  a  bean 
exposed  to  shocks  and  vibrations,  are  to  be  of  different  thickneae^ 
they  should  be  connected  by  means  of  curved  surfiioes,  so  that  ^ 
jhange  of  thickness  may  take  place  gradually,  and  without  re- 
entering angles. 

356.  Steel  and  stedr  ir«B« — Steel,  the  hardest  of  the  metals  nn 
the  strongest  of  known  substances,  is  a  compound  of  iron  with  fit]* 

*  FoU-Bized  drawings  of  the  fraetiirad  sarfaoes  of  mrmA  of  thaee  axkianii* 
of  the  Institation  of  Civil  EngioMn. 
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jight  of  carbon.  These,  actxirding  to 
J  esaential  constitaenta  of  steeL     (See 

■ "  Bemi-eteel,"  may  be  applied  to  com- 
Q  0-5  per  cent  of  carbon.  They  are 
d  other  properties  between  steel  and 

a  are  the  harder  and  the  stronger,  and 
the  more  carbon  they  contain ;  those 
rbon,  though  weaker,  are  more  easily 
1  their  greater  pliability  are  the  fitter 
A  to  shocks. 

uds  affect  steel  injarionsly  in  the  same 
351,  p.  497.) 

ibetancea  which  have  a  beueficial  efiect 
if  its  weight  of  silicon  cauaes  steel  to 
ibbling  or  agitation ;  bnt  a  larger  pro- 
it  would  make  the  steel  brittle.  The 
le  iron,  or  its  introduction  into  the 
steel  is  made,  improves  the  steel  by 
[  making  it  easier  to  weld  and  forge; 
remains  in  combination  with  the  iron 
whether  it  produces  its  effects  by  its 
lot  known  with  certainty, 
the  property  of  tempering;  that  is  to 
dden  cooling  from  a  high  temperature, 
ng;  and  its  degree  of  hardness  or  soft- 
'ecision  by  suitably  fixing  that  temper- 
6  is,  to  bring  all  articles  of  steel  to  a 
idden  cooling,  and  then  to  iwften  them 
to  a  temperature  which  is  the  higher 
a  be  made,  and  letting  them  cool  veir 
temperature  previous  to  the  "  anneal' 
odnt^  by  plunging  the  articles  into  a 
Uloy.  The  temperature  of  the  bath 
ir. 

eel  is  analogous  to  gnmular  white  cast 
lemical  compound  of  iron  and  carbon; 
o  grey  cost  iron,  and  is  a  mixture  of  a 
;  less  carbon  than  hard  steel  with 
more  carbon;  and  that  slow  cooling 
w  two  carbureta 

processes,  which  have  of  late  become 
all  be  classed  under  two  heads,  viz^, 
iron,  and  abstracting  carbon  from  cast 
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iron.  The  former  class  of  processes,  thongli  the  more  oomplex, 
laborious,  and  expensive,  is  preferred  for  making  .steel  for  cottiog 
tools  and  other  fine  purposes,  because  of  its  being  easier  to  obtaii 
malleable  iron  than  cast  iron  in  a  high  state  of  purify.  The  latter 
class  of  processes  is  the  best  adapted  for  making  great  iiia8Bes<if 
steel  and  steely  iron  rapidly  and  at  moderate  expense.  Hie 
following  are  some  of  the  processes  employed  in  mulripg  differoit 
kinds  of  steel : — 

I.  Blister  Sted  is  made  by  a  process  called  '^  cementaiwn^  vfaidi 
consists  iu  imbedding  bars  of  the  purest  wrought  iron  (such  as  thst 
manufactured  by  charcoal  from  magnetic  iron  ore)  in  a  layer  of 
charcoal,  and  subjecting  them  for  several  days  to  a  high  tanpe^ 
ature.  Each  bar  absorbs  carbon,  and  its  sur&ce  becomes  ocmTerted 
into  steel,  while  the  interior  is  in  a  condition  intermediate  betveen 
steel  and  iron.  Cementation  may  also  be  performed  by  exposing 
the  surface  of  the  iron  to  a  current  of  carburett«d  hydrogen  gu  it 
,a  high  temperature.  Cementation  is  sometimes  appli^  to  tbe 
surfaces  of  articles  of  malleable  iron  in  order  to  give  them  a  ddn 
or  coating  of  steel,  and  Ls  called  "  case-Iiardening" 

II.  Sfiear  Sted  is  made  by  breaking  bars  of  blister  steel  into 
lengths,  making  them  into  bundles  or  £Eigot8,  and  rolling  them  <mt 
at  a  welding  heat,  and  repeating  the  process  until  a  near  approftcl 
to  uniformity  of  composition  and  texture  has  been  obtained.  It  iJ 
used  for  various  tools  and  cutting  implements. 

III.  Cast  Sted  is  made  by  melting  bars  of  blister  steel  in  a 
crucible,  along  with  a  small  additional  quantity  of  carbon  (usaaDj 
in  the  form  of  coal  tar)  and  some  manganesa  It  is  the  pnre^ 
most  uniform,  and  strongest  steel,  and  is  used  for  the  finest  cattzog 
implements. 

Another  process  for  making  cast  steel,  but  one  requiring  a  lugber 
temperature  than  the  preceding,  is  to  melt  bars  of  the  paR^ 
malleable  iron  with  manganese  and  with  the  whole  quantity  of 
carbon  required  in  order  to  form  steeL  The  quality  oif  the  tted 
as  to  hardness  is  regulated  by  the  proportion  of  carbon.  A  sort  d 
semi-steel,  or  steely  iron,  made  by  this  process,  and  containing  a 
small  proportion  of  carbon  only,  is  known  as  homogenMus  metaL 

IV.  St^  made  hy  the  air  blast  is  produced  from  molt^  pig  i«a 
by  Mr.  Bessemer's  process  (Article  355,  p.  504)  in  two  waji; 
either  the  blowing  of  jets  of  air  through  the  iron  is  stopped  at  an 
instant  determined  by  experience,  when  it  is  known  that  a 
quantity  of  carbon  still  remains  in  the  iron  sufficient  to  make  sted 
of  the  kind  required,  or  else  the  blast  is  continued  until  the  caH^n 
is  all  removed,  so  that  the  vessel  is  full  of  pure  malleable  ircm  in 
the  melted  state,  and  carbon  is  added  in  tiie  proper  proporticiH 
along  with  manganese  and  silicon.     The  steel  thus  produced  is  ran 
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IL  That  the  tenacity  of  good  rivet  iron  increases  with  deTitioa 
of  temperature  up  to  about  320**  Fahr.,  at  which  point  it  is  about 
one-third  greater  than  at  ordinary  atmospheric  temperatures;  end 
that  it  then  diminishes,  and  at  a  red  heat  is  reduced  to  little  more 
than  one-half  of  its  value  at  ordinary  atmospheric  temperatures. 

The  resistance  of  iron  rivets  to  shearing  is  nearly  the  same  wi^ 
the  tenacity  of  the  best  boiler  plates. 

As  to  the  strength  of  wrought  iron  to  resist  cmshiitg,  see 
Article  157,  p.  237. 

Numerous  experiments  have  been  made  on  the  tenacity  of  stzd; 
but  its  other  kinds  of  strength  have  been  very  little  investigatei 
Its  tenacity,  like  that  of  bar  iron,  is  increased  by  rolling  and  wire- 
drawing. 

The  experiments  already  quoted  in  the  note  to  Article  \i% 
p.  221,  have  shown  that  the  proof  strength  of  wrought  iron  is 
almost  exactly  one-third  of  the  breaking  load. 

The  tables  at  the  end  of  the  volume  give  only  average  or  extreme 
results  as  to  the  strength  of  wrought  iron  and  steel;  and  therefon 
the  following  tables  are  here  annexed,  in  which  more  details  ne 
given,  but  still  in  a  very  condensed  form,  chiefly  on  the  ftutharitf 
of  Mr.  Eairbaim,  Mr.  Hodgkinson,  and  Messrs.  R  Napier  and 
Sons.    (See  also  Addenda,  p.  790.) 

Table  of  the  Tenacity  of  Wrought  Iron  and  Steel 

Description  of  Material  '^T'tl  *^  ^^  P«r  8^"?  ^^  J^^ 

Malleable  Iron. 

Wii-e — ^Average, 86,ooo      T. 

Wire — ^Weak, 71,000  Mo. 

Yorkshire  (Lowmoor),...     64,200      F.    52^490  F. 


}> 


from     66,390  )  ^  f  0-20 

to     60,075/  (o'«^ 


Yorkshire  (Lowmoor)] 

and      Staffordshire  >  59^740      F.  0*2(00*25 

rivet  iron, j 

Charcoal  bar, 63,620      F.  0*3 

Staffordshire  bar,...  from  62,231  )  ^g-  / '302 

to  56,715/  t-iB6 

Yorkshire  bridge  iix)n,...  49,930      F.  43,940  F.       "04;  "o-? 

Staffordshire  bridge  iron,  47,600      F.  44,385            -04;  ^330 

Lanarkshire  bar,...  from  64,795  )  ig-  /  '15S 

to  51,327  f  ^'  \  -238 
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MiKiij  in  lbs.  per  Squtn  IndL 
Lecglbwiw.  Cnmwitt. 
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,010 
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,820 
.945 
,>8o 

p.  S4,8so     r. 

r-  46,470    F. 

F.  53,820     F. 
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F.  51,825     F. 

865 
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433/ 
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!■•  45.015  F. 
N.  46,713 
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Table — c<mHnuecL 

«.    ^  X.       «  >r  .^  1  Tenacitv  in  Iba.  per  Sqnaie  lodk     Ultinili 

DeBcription  of  Material.  Lengthwiaa.  Cnwwiae.       Eum* 

Strength  of  Large  Forgings, 
Bars  cut  out  of )  from     47,582  1  ^  44,578  ('231;   168 

lai^e  foi^iugs,  /      to     43,759  /■"•  36,824         \'20$i  -064 
Bars  cut  out  of  large  )  .^^     ^ 

forgiDgs, J      ^^' 

Steel  and  Steely  Iron.     (See  alao  page  587.) 

Cast  steel  bars,  rol- )  from  132,909  )  jq-                         f^oS^ 

led  and  forged,  j       to  92,015  J      *                         ( '153 

Cast  steel  bars,  rolled  )  -n 

and  forged, f  ^  ' 

Blistered    steel    bars, )     104  208     N  '09I 

rolled  and  forged,...  J         ^^  ^ 

Bessemer's  steel  bars,)     111^60     N"  '0S& 

rolled  and  forged,...  r  '^  "  ^ 

Bessemer's  steel  bai-s,  )      ^^ ^     xxr 

...                 '  >      03,024     W. 
cast  ingots, J        "^^     ^ 

Bessemer  s  steel  bars, )  ir-2  oia    W. 

hammered  or  rolled,  j  *>  '^ 

Spring  steel  bars,  ham.)  ^^                           ^^ 

mered  or  rolled, J  '   '^  ^ 

""rrs, .."!":!}  90M1  K         -137 
^ZT^l.."!:^.}  93.000  F. 

Homogeneous     metal)      39,724     K  'U9 

bars,  lorged, J         "^'' 

Puddled       steel    lr-^*.»Q.^  f.rnt 

bai^,  rolled  and  I  ^T     lil'tU\  ^-  IZ 

Puddled    steel     bars, )  -p 

rolled  and  forged,...  J  ^* 

Puddled    steel     bars,)  ^.^-^     m 

rolled  and  forged, . . .  /  ^^' '  ^^     ^' 

MusheVs     gun-metal,...  103,400      F.                         0*034 

Caatsteel  plates,....  from  06,280  I  xr    97>^Sol  v-   /"^o/J^ 

to  7S!594  j  ^'  69,082  /  ^'  t-i98;iJ^ 


[EITCX  OF  ITBOUflHT  H 

'able — coTtlinued. 

Tenacity  la  llu.  par  Squlr 
LenfihwlH.        Cnmw 
■d    103,900  1  p 
t       85,40<)/-^- 
\      9'S.28o)         97,1; 
^      7^.408  j         J3.5S 

..     93,600     F. 

}  the  folloving  abbre^ 

m;  H.,  HodgkinsoD 
Soua;    R.,    Beoaie; 

Jltimata  Extension"  f 
kt  the  instant  of  brei 
index  (but  a  somewhi 
id  its  conKquent  saft 
agaenesB  arises  ftota 
before  breaking  consi 
le  as  of  a  permanent  1 
particles;  and  that  il 
le  material,  to  the  01 
:  short  than  for  long  1 
thickness  of  the  piec 

leparated  hy  a  semic 
Qsion  (thiB  -082;  -05 
agthwise,  and  the  eecc 
I  ami  Steel. — In  ordei 
'  of  a  material  for 
ioMieily,  as  well  as  ti 
odvluB  ofreailienee  (w 
Article  149,  p.  237 
iA  in  i>ieft-pouJid»  to 
proof  lenaeiCj/  bj  the  11 
proof  tenacity  m&j  I 

rtnm*  twolta  m«  m«ik«d 
(r.  Klrhildy.  For  daUUs, 
nd,iefiS-5B(  aluElrkild; 
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The  following  table  gives  some  examples  of  such  comjmta- 
tioDS : — 

Metal  TODER  Tkksiok.         ^^^f^     t^ht  ^^  ^ 

Tenaaty.     Tenaatj.      EksticUy.    BenBott 

Cast  iron — ^Weak, 13,400  4,467  14,000,000    1*425 

„          Average, 16,500  5,500  17,000,000    1*78 

„           Strong, 29,000  9,667  22,900,000    4'c8 

Bar  iron — Good  average,  60,000  20,000  29,000,000  1379 

Plate  iron — Good  average,  50,000  16,667  24,000,000?  11 '57 1 

Iron  Wire — Good  average,  90,000  30,000  25,300,000  35*57 

Steel — Soft, 90,000  30,000  29,000,000  31*03 

„       Hard, 132,000  44,000  42,000,000  46-10 

To  express  the  power  of  resisting  shocks  bf/  compression,  ti* 
resistance  to  crushing  might  be  substituted  in  these  calcnktioQs 
for  the  tenacity;  but  owing  to  the  indirect  manner  in  vhidi 
fracture  by  cni^ing  takes  place,  the  result  would  be  of  ▼of 
doubtful  accuracy. 

359.   Corrosion    and    PreMrvatioB  of  Iron. — ^On  this  pointy  xe 

Article  330,  p.  462,  where  some  of  the  best  methods  of  preserrmg 
the  surface  of  iron  from  oxidation  have  already  been  mentioned. 

Cast  iron  will  often  last  for  a  long  time  without  rusting,  if  <*» 
be  taken  not  to  injure  its  skin,  which  is  usually  coated  with  ft  fila 
of  silicate  of  the  protoxide  of  iron,  produced  by  the  action  of  the 
sand  of  the  mould  on  the  iron.  Chilled  surfaces  of  castings  w 
without  this  protection,  and  therefore  rust  more  rapidly. 

The  corrosion  of  iron  is  more  rapid  when  partly  w€*  and  pertiy 
dry  than  when  wholly  immersed  in  water  or  wholly  expo«d  to 
the  air.  It  is  accelerated  by  impurities  in  wat-er,  and  espeaaDr  \if 
the  presence  of  decomposing  organic  matter,  or  of  free  acids.  It » 
also  accelerated  by  the  contact  of  the  iron  with  any  metd  irhidi  is 
electro-negative  relatively  to  the  iron,  or  in  other  words,  hta  !«• 
affinity  for  oxygen,  or  with  the  rust  of  the  iron  itseit  If  ***> 
portions  of  a  mass  of  iron  are  in  different  conditions,  so  thai  one 
has  less  affinity  for  oxygen  than  the  other,  the  oontftct  of  the 
foimer  makes  the  latter  oxidate  more  rapidly.  In  genenL  hftid 
and  crystalline  iron  is  less  oxidable  than  ductile  and  fibrous  vvl 

Cast  iron  and  steel  decompose  rapidly  in  warm  or  impoe  m^ 
water. 

Pieces  of  iron  which  are  kept  constantly  in  a  state  of  Tib»ti» 
oxidate  less  rapidly  than  those  which  are  at  rest ;  for  exampH  ^ 
rails  of  a  railway  on  which  a  constant  traffic  runs  rust  mni^  Bd* 
slowly  than  those  on  which  there  is  little  or  no  traffic. 

(See  Mallet  «'  On  the  Corrosion  of  Iron,**  ia  the  M^tfif  ¥*^ 
British  AssodaHou  for  1843  and  1849.) 
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n  =:  2y  and  the  two  rows  of  rivets  form  a  zig-zag;  in  '^chaiih 
3*1  vetted"  joints^  n  may  have  any  value  greater  than  1.  A  angle- 
rivetted  joint  is  weakened  bj  unequal  distribution  of  the  tenaon 
in  the  ratio  of  4  :  £f. 

Suppose  that  in  a  chain-rivetted  joint  the  distance  e  from  centre 
to  centi-e  of  the  rivets  is  fixed,  so  as  not  to  weaken  the  plat& 
below  a  given  limit;  then  in  order  to  find  how  many  rows  of  rireis 
there  should  be, — in  other  words,  how  many  rivets  there  shoold  be 
in  each  file, — the  following  formula  may  be  used : — 

**=  'ISST^' (^'^ 

361.  Pina,  WLejm,  aad  Wedges. — These  fiistenings  are,  like  riveta, 
themselves  exposed  to  a  shearing  stress,  while  they  serve  to  tau»- 
mit  a  pull  or  thrust  from  one  piece  of  an  iron  fiume  to  another; 
and  the  rule  for  determining  their  proper  sectional  area  is  the  same, 
with  this  modification  only,  that  if  a  pin,  key,  or  wedge  is  not  held 
perfectly  tight  in  its  seat,  the  shearing  stress,  instead  of  being 
uniformly  distributed  throughout  its  sectional  area,  will  be  more 
intense  at  the  central  layer  of  the  section  than  elsewhere,  being 
distributed  according  to  the  laws  explained  in  Article  168,  {x  26$. 

The  ratio  in  which  the  maximum  intensity  of  the  shearing  stiea 
exceeds  its  mean  intensity  is  the  quantity  denoted  by  y^  A  -5-  F  in 
the  table,  p.  267 ;  its  two  most  important  values  in  practioe  being 
the  following : — 

3 
For  rectangular  keys  and  wedges, ^; 

4 
For  circular  or  elliptical  pins, ^; 

and  the  sectional  area  of  the  fastening  is  to  be  increased  in  this 
proportion  beyond  what  would  be  necessaiy  if  the  streas  were 
uniformly  distributed. 

In  order  that  a  wedge  or  key  may  be  safe  against  slipping  oot  oT 
its  seat,  its  angle  of  obliquity  ought  not  to  exceed  the  an^e  oT 
repose  of  iron  upon  iron,  which,  to  provide  for  the  oontingencr  af 
the  suifaces  being  greasy,  may  be  taken  at  about  4^  (Article  Wt 
p.  172.) 

362.  Bolu  ond  Screws. — ^If  a  bolt  has  to  withstand  a  shesni^ 
stress,  its  diameter  is  to  be  determined  like  that  ofhcyHodno^ 
pin.  If  it  has  to  withstand  tension,  its  diameter  is  to  be  detenninea 
by  having  regard  to  its  tenacity.  In  either  case  the  efetirt 
diameter  of  the  bolt  is  its  least  diameter;  that  is,  if  it  has  a  icie» 
on  it,  the  diameter  of  the  spindle  inside  the  thread. 
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Fig.  229. 


Fig.  230. 


Bars  of  a  cross-shaped  section  are  sometimes  rolled;  but  tlio 
figure  is  xmfavouiable  to  soundness  of  the  iron;  and  vhen  this 

form  of  section  is  required,  it  is  beak 
to  build  it.     In  general,  figures  for 
iron  bars  which  cannot  be  rolled 
without  great  distortion  of  the  iroa 
ought  to  be  avoided,  unless  then 
are  special  reasons  for  using  Uiem. 
Angle  bars  and  plates  which  exceed  an  inch  in  thiclmesB  sre 
seldom  so  sound  as  those  of  less  thickness.     Where  greater  thick- 
nesses are  required,  therefore,  it  is  in  general  advisable  to  maloB 
them  by  building  small  thicknesses  together. 

364.  Iran  Ties  ought  in  almost  every  case  to  be  of  malleable  iron, 
as  it  has  about  three  times  the  tenacity  of  cast  iron. 

A  tie  may  consist  either  of  one  bar,  or  of  several  bars  side  hr 
side,  or  of  wires  lying  parallel  in  a  bundle  or  spun  into  a  rope;  it 
may  be  in  one  length,  or  in  two  or  more  lengths  joined  together; 
if  the  lengths  are  numerous  and  short,  they  become  links,  and  the 
whole  tie  a  chain. 

L  Plate  Iron  Ties, — ^The  best  mode  of  joining  two  lengtiuo^ft 
plate  iron  tie  is  by  means  of  a  fish-joint  chain-rivettedL    In  ^ 

231  are  seen  the  ends  of  two  lengths  of  ft 
plate  iron  tie,  meeting  at  the  doUed  line; 
they  are  connected  by  means  of  a  fiah- 
piece  or  covering  plate,  which  is  chain* 
rivetted  to  each  of  the  pieces.  The 
principles  according  to  which  the  dimensions,  number,  and  arrange- 
ment of  the  rivets  are  to  be  determined  have  been  explained  m 
Article  360,  p.  515;  and  it  has  there  also  been  shown  to  what 
extent  the  elective  aectioTial  area  of  the  tie  is  diminished  hj  the 
rivet  holes,  so  as  to  be  less  than  the  total  sectional  area. 

When  a  plate  iron  tie  is  built  of  several  layers,  they  shonld  hftsi 
joint  with  each  other;  and  at  each  joint  there  should  be  either  a 
covering  plate  or  a  pair  of  covering  pUktes,  to  transmit  that  shaie  of 
the  tension  which  belongs  to  the  layer  of  plates  in  whkh  the 
joint  occurs. 

IL  Tie-rods  or  Tie-bars  may  be  round,  square,  or  flai^  and  nay 
be  made  fiist  at  the  ends  by  pins  passing  through  round  eyes^  ^ 
wedges  driven  into  oval  eyes  or  slots,  or  by  screws  and  nuta  The 
proportions  of  these  fiistenings  have  been  considered  in  Axtides 
361,  362,  pp.  516,  517.  We^^  and  screws  admit  of  bei^gnae^ 
to  tight^  ^e  tda 

When  an  eye  is  formed  on  the  end  of  a  tie-bar,  cue  ■hooM  be 
taken  that  the  sides  of  the  eye  are  of  sufficient  strength.  Ihe 
tension  is  not  uniformly  distributed  in  them,  being  man  intfloie  ai 
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I 
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Fig.  231. 


520  MATERIALS  AND  BT&UCTUBBBL 

The  bee4^  and  perhaps  the  only  safe,  mode  oiimakmgfiui  Ae mi 
of  a  wire  rope  is  to  make  it  form  a  turn  or  loop  round  a  dead-eye, 
and  splice  it  into  itself:  this  is  the  only  listening  irhicii  is  m 
strong  as  the  rop& 

Wire  cables  require  special  care  to  protect  them  agunst  oxi- 
dation.   (See  p.  798.) 

VL  Welded  Ties, — Iron  ties  have  been  lengthened  by  Bcarfug 
the  ends  of  the  two  pieces  together,  heating  them  to  a  welding  heit 
by  a  gas  flame,  and  welding  them  together  by  an  intense  presBUR. 
Data  are  wanting  to  determine  precisely  the  strength  of  this  aort  of 
joint  In  an  experiment  on  the  bursting  of  a  cylindrical  plate  iio& 
welded  retort^  the  tenacity  of  the  welded  joint  was  found  to  be 

30,750  lbs.  per  square  inch; 

or  probably  about  3-5ths  of  the  tenacity  of  the  plate  iron 

VIL  In  proving  Iran  Ties,  they  may  safely  be  loaded  vith 
one-half  of  the  instantaneous  breaking  load,  without  risk  of 
riermanent  injury,  the  testing  load  being  only  applied  ooo?; 
although  frequent  application  of  the  same  load  would  at  la^t 
break  the  tie.    (See  p.  800.) 

365.  CaM  iMM  Strata  and  PilUin. — Cast  iron,,  from  its  great 
resistance  to  crushing,  is  peculiarly  well  suited  for  struts  and 
pillars,  especially  those  of  moderate  length.  The  best  fonnfora 
cast  iron  strut  or  pillar  containing  a  given  quantity  of  material  is 
that  of  a  hollow  cylinder.  The  laws  of  the  strength  of  sudi  pillan 
have  already  been  fully  explained  in  Article  158,  pp.  236  and  337. 
The  thickness  of  metal  in  them  is  seldom  less  than  one-tveiflh  of 
the  diameter. 

Another  form  of  cross-section  commonly  adopted  for  cast  iron 
struts  is  that  of  a  cross,  fig.  234.  The  strength  of  such  struts  maj 
be  computed  approximately  by  putting  for  the  co-efficient  a  is 
equations  4  and  5  of  Article  158,  p.  237,  a  value  greater  than  it» 

value  for  a  hollow  cylinder,  in  the  same  proportion 
as  a  cross-shaped  bar  is  more  flexible  than  a  hollov 
cylindrical  tube  of  the  same  diameter  and  sectional 
area;  that  is  to  say,  in  the  proportion  of  3  to  1 

Ilg.SsV.'       nearly. 

By  similar  reasoning,  it  appears  that  in  the  cas? 
of  a  hollow  squall  cost  iron  strut,  whose  diagonal  is  equal  to  tbe 
diameter  of  the  cylinder,  the  co-efficient  a  is  to  be  increased  in  the 
ratio  of  3  to  2. 

Hence   we  have  the  following  approximate  fonnulae  for  the 
crusJdng  load  of  cast  iron  stmts  in  lbs.  per  square  inch  of    -^'^' 
area : — 


TTS  USD  PILLARS. 


=  »^ «».<»»  +  l+8W 

er  to  the  case  in  which  the  struts  aie 
When  they  are  hinged  at  the  ends, 
T  is  to  be  made  four  times  as  great 
iffnens  to  a  flat-ended  pillar,  its  ends 
capital  and  base,  whose  abutting  siir- 
latbe,  or  planed,  to  make  them  exactly 
iie  axis  of  the  pillar.  For  the  same 
■  consists  of  two  or  more  lengths,  the 
e  made  truly  plane  and  perpendicular 
I  same  process,  so  that  they  may  abut ' 
h  other;  and  they  should  be  &stened 
passing  through  projecting  flanges. 
pad  ruton. — The  principles  of  the 
e  have  been  explained  in  Article  IfiS, 
rom  the  formulje  deduced  by  Mr. 
a's  experiments,  that  while  cast  ii'oa 
>ilkr  whose  length  does  not  exceed  a 
th  its  diameter,  wrought  iron  is  tho 
igth  exceeds  that  limit.  For  pillars 
ccording  to  the  formiUe,  is  about  26 
i  with  hinged  ends,  about  13  times; 

calculation,  those  results  must  be 
ite  only.  (See  p.  795.) 
iron  struts,  they  are  made  of  various 
the  angle  iron,  T-iron,  double  T-iron, 
scribed.  A  very  convenient  form  of 
I.  It  ia  in  general  built  by  rivettiag 
sr;  thus,  it  maj^  be  made  up  of  two 
:,  or  four  angle  irons  rivetted  back  to 
3  flat  bar  A  A,  two 

four  angle  irons,  all 

form  is  that  of  the 
jirdera  in  the  Crumlio     ^  c; 
strut  may  either  be  a 

a  manner  which  will  p 

warns.      The  Barlow 
a  a.  good  form  for  struts 
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The  stiffest  form  for  a  wrought  iron  strut  is  that  of  a  cell,  thai  a 
to  say,  a  built  tube,  which  may  be  cylindricsal,  rectangular,  or 
triangular.  Fig.  236  is  a  cross-section  of  a  rectangular  cell,  wilii 
four  plate  iron  sides  connected  together  by  angle  irons  and  livctB. 
Fig.  237  is  a  triangular  cell,  running  along  the  upper  edge  oft 
plate  iron  beam. 

Fig.  238  shows  a  simple  form  of  cross-section  for  a  strata  beof 


Fig.  286. 


Kg.  237. 


F^.  238. 


a  segment  of  a  circle.     This  might  be  further  stiffened  by  rivetdig 
a  pair  of  angle  irons  along  its  edges. 

When  a  wrought  iron  strut  is  hinged  at  the  ends,  that  geneciQj 
takes  place  by  its  abutting  at  each  end  against  a  cylindrical  pin,  br 
which  it  is  connected  with  some  other  piece  of  the  framework,  ia 
the  manner  already  described  for  tie-bars.  To  ^  its  ends  in 
direction,  as  it  seldom  has  large  abutting  sur&ces,  it  is  in  gasezil 
necessary  to  fasten  it  to  the  adjoining  pieces  of  the  stmctme  bj 
several  bolts  or  rivets. 

To  insure  the  stifihess  of  a  built  strut,  the  bars  of  which  it  « 
built  should  break  joint,  like  the  layers  of  a  built  iron  tie.  '^ 
abutment  of  successive  lengths  against  each  other  should  be  &n 
and  equable;  to  insure  which,  every  bar  should  have  its  ends  na^ 
exactly  plane  and  exactly  perpendicular  to  its  length.  This  is  btft 
done  by  a  machine  consisting  of  a  pair  of  circular  saws  on  one  aiis, 
at  a  clear  distance  apart  equal  to  the  intended  length  of  the  lian 
when  cut:  a  bar  being  placed  parallel  to  the  axis,  and  niored 
towards  it,  has  its  two  ends  sawn  off  at  onoe,  in  planes  perpcaidicaltf 
to  its  length. 

Mr.  Gordon's  formula  for  the  ultimate  strength  of  wrought  in» 
struts,  deduced  from  Mr.  Hodgkinson's  expeiimenta^  mar  be 
expressed  as  follows,  P  being  the  load,  S  the  sectional  area*  /  4b» 
length,  and  h  the  thickness : — 


P 

S 


=  36,000^(1  +  1^;) 


(L) 


where  a  has  the  value  ^^^  for  strotB  fixed  in  directkm  ■*  *• 
'^ds,  and  of  a  solid  rectangular  sectiony  h  beiiig  the  least  dimeB**^ 
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XIII.  Pair  ofBarlow  rails  as  aboye^ )  .qqq  pt 

ri vetted  base  to  base ;  . . .  J 

XIV.  Circular  segment  of  radius  )    /  ^  i  ^s  B  sin  ^      sin-  J 1  pj 

B  and  length  2  R  tf; ....  /    12*^      Ti  ?"J 

367.  Com  Iron  Beams. — For  the  principles  which  are  i4)|dicable 
to  cast  iron  beams  in  common  with  beams  in  general,  see  Aitides 
169  to  179  A,  pp.  230  to  296.  The  peculiar  properties  of  cast  inii 
as  to  strength,  which  have  to  be  considered  in  designing  beuu^ 
nave  been  stated  in  Article  164,  p.  257;  Article  166,  pi  S6l; 
Article  167,  pp.  263  to  265;  and  in  Article  353,  pp.  499  to  503; 
and  the  precautions  to  be  observed  in  designing  these,  as  veil  ai 
other  castings,  have  been  explained  in  Article  354,  p.  502. 

The  most  common  and  useful  forms  of  cross-section  for  cisc  inn 
beams  are  the  inverted  X-shaped  (fig.  239),  the  trough-shaped  (fi^ 
240),  and  the  double  T-shaped  (fig.  241> 

As  to  the  transverse  resistance  of  the  X-sbaped  section,  ko 
Article  163,  Example  YIIL,  p.  254.     As  to  the  proportionate  trei 


M^z^yAivAcw^!^/,:. 


ii^^B^JcTS 


C  C 

Fig.  240.  Fig.  24L 


of  flange  and  web  which  makes  the  tendency  to  break  by  enuhis; 
at  £  and  tearing  at  C  equal,  see  Article  164,  Case  I.,  p.  357;  abo 
the  example  in  the  same  page.  The  same  formule  and  examplA 
are  applicable  to  trough-shaped  beams,  taking  the  two  vertical  ribs, 
B,  B',  to  be  equivalent  to  one  rib  of  the  same  depth  and  doable  the 
thickness. 

The  thickness  of  the  horizontal  and  vertical  parts  of  these 
girdei's  should  be  equal,  or  nearly  equal,  for  the  reason  stated  in 
Article  354,  p.  503. 

The  double  T-shaped  beam  is  in  general  made  of  a  figure  intio- 
duced  by  Mr.  Hodgkinson,  with  a  view  to  making  the  strength 
equal  above  and  below.  As  to  the  proportions  of  that  section,  «e 
Article  164,  Case  II.,  p.  257;  also  the  example  in  the  same  pag& 
See  also  Hodgkinson  On  the  Strength  of  Coat  Iron, 

ItL  order  to  make  the  stretched  table  C  large  enough  as  compared 
with  the  compressed  table  A,  it  is  necessary  to  make  the  fomer 
considerably  thicker  than  the  latter.     This  is  teoondled  with  thi 
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trossed  cast  iron  beam  la  which  a  pair  of  wrought  iron  tie-rods  are 
Bobstituted  for  the  whole  or  part  of  the  lower  ^ible. 

369.  Pbda  iFrmickt  Imu  Keaaifl. — For  the  principles  wbidi  an 
applicable  to  wrought  iron  beams  in  common  with  beams  in  gesenlf 
see  Articles  169  to  179  a,  pp.  230  to  296. 

The  most  common  and  useful  forms  of  section  for  wrought  iron 
beams  that  are  rolled  in  one  piece  are  the  T-shaped,  and  tbe 
I-shaped  or  double  T-shaped,  of  which  latter  form  fig.  242  ii  an 
example. 

As  to  the  resistance  of  cross-sections  of  those  figures  to  croe- 
breaking,  see  Article  254,  Examples  YIH.  and  IX.,  pp.  254  to 
256.  As  to  the  mode  of  fixing  the  proportions  of  such  section 
—  -^  in  order  that  they  may  be  of  equal  strength  against  crash- 
^l  ing  and  tearing,  see  Article  164,  Cases  IIL  aod  IV., 
p.  258,  and  the  example  in  the  same  page;  these  being tibfl 
cases  applicable  to  a  material  in  which  the  teDadty 
(denoted  by  j^  in  the  formulae)  is  greater  than  the  r^ 
sistance  to  crushing  (denoted  by  J^). 
Fig.  242.  ^  plain  wi*ought  iron  beam  usually  gives  way  under  a 
transverse  load  by  the  compressed  flange  bendmg  sideways;  for  that 
flange  is  in  general  so  narrow,  as  compared  with  its  length,  that  iti 
condition  is  analogous  to  that  of  a  long  wrought  iron  strat  (See 
Article  158,  p.  237.)  The  co-efficient  /„  therefore,  which  is  the 
modulus  of  resistance  of  that  flange,  is  not  in  general  a  constant 
quantity,  but  is  less  as  the  flange  becomes  narrower  in  companaoa 
with  the  span  of  the  beam. 

From  a  reduction  of  the  experiments  of  Mr.  Fairbaim  en 
wrought  iron  beams,  given  in  his  works,  On  the  AppUcation  o/Irom 
to  Building  Purposes,  and  Useful  Information  for  EngjiMOty 
flrst  series,  it  appears  that  the  modulus  in  question  may  be  eoo- 
puted  with  sufficient  accuracy  by  the  following  formula^  in  which 

I  denotes  the  span  of  the  beam,  and 

6,  the  breadth  of  its  compressed  flange : — 

/i  (in  IbflL  on  the  square  inch)  s=   *-^ — . . — (L) 

1  + 


5,000  6« 


The  following  table  shows  the  result  of  applyiug  this  foomila  id 
varioasly  proportioned  beams,  and  of  substituting  its  resolis  ia 
equations  10  and  11  of  Article  164,  p.  258;  the  value  of  ths 
^^sinaLQ,ty  f^  being  assumed  to  be  60,000  Iba  per  square  inch  in  eftch 
case.  A^  denotes  the  sectional  area  of  the  compressed  flange;  if 
that  of  the  vertical  web;  Ag  that  of  the  stretched  flange;  A'thi 
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bar  and  a  pair  of  angle  irons^  rivetted  to  each  other  and  to  flft 
vertical  web. 

Fig.  244  is  a  ''  box  beam/'  in  which  there  is  a  double  Tertkal 
web.  The  advantage  of  this  construction  is  to  give  additzooal 
breadth,  and  therefore  additional  lateral  stifiness  and  additiozul 
8ti*ength  for  resisting  thrust,  to  the  compressed  table  or  flange^ 

Fig.  245  is  a  plate  beam  of  greater  dimensions  than  fig.  243. 
The  horizontal  ribs  or  flanges  contain  more  than  one  layer  of  fiftt 
bars,  and  the  web,  which  consists  of  plates  with  their  laigest 
dimension  vertical,  is  stiffened  by  vertical  T-iron  ribs  at  the  joLnts 
of  those  plates,  as  shown  in  the  horizontal  section,  flg.  246. 

To  give  still  greater  stiffness  and  strength  to  the  upper  or  com- 
pressed horizontal  rib,  it  is  sometimes  a  cylindrical  tube  or  *'  oellf 
sometimes  a  rectangular  cell,  as  in  fig.  236,  p.  522;  sometimes  a 
triangular  cell,  rivetted  to  the  upper  edge  of  the  vertical  web,  as  m 
£g.  237,  p.  522;  and  in  some  cases  a  line  of  plates  bent  intotn 
inverted  segmental  trough,  as  shown  in  the  cross-section,  fig.  23S^ 
p.  522,  has  been  made  fast  at  its  summit  Y,  by  angle-irons  and 
rivets,  to  the  upper  edge  of  the  vertical  web. 

In  fixing  the  cUmensions  of  the  parts,  and  computing  the  sfcrengtfay 
of  beams  of  this  class,  the  rules  of  the  preceding  article  are  all  ap* 
plicable,  having  regard  to  the  following  special  principles : — 

I.  The  several  tiers  or  layers  of  pieces  of  which  the  beam  is  buiH 
should  break  joint  as  much  as  possible. 

II.  Upper  Horizontal  Eib. — The  several  lengths  of  the  pieees 
composing  the  uppei  horizontal  rib  should  abut  closely  and  truly 
against  each  other,  having  end  sur&oes  made  exactly  perpendicular 
to  the  axis  of  the  beam,  as  already  described  for  wrought  iron 
struts  in  Article  366,  p.  522.  In  using  equation  1  of  Article  369, 
p.  526,  to  compute  the  modulus  of  rupture  by  crashing,  /^  tfas 

following  are  the  divisors  by  which  ^^  is  to  be  divided : — 


For  a  flat  upper  horizontal  rib,  or  a  tri- )  ^  qqq 

angular  cell, j  ' 

For  a  square  cell, 10,000 

For  a  cylindrical  cell  or  an  inverted  )  ^  ^/vq 

semicircular  trough  (diameter  =  h),\  ' 

For  an  inverted  segmental  trough,  sub- )^  7,500  /. 

tending  the  angle  2^  to  radius  unity,  j  3n*~^  \ 


on  SA 


III.  Lower  fforizontal  Bib, — The  several  lengths  of  plates  or 
of  which  the  lower  horizontal  rib  consists  are  to  be  connected 
each  other  by  covering-plates  and  rivets  as  prescribed  for 
iron  ties  in  Article  364,  p.  518;  and  the  symbol  A^  in  the 
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tif  Article  369^  and  of  the  other  articles  there  referred  to^  is  to  bo 
undentood  to  stand,  not  for  the  total  sectional  area  of  the  lower  rib, 
but  only  for  the  ^^hcUve  aedional  area  lefb  after  Tna.1riTig  the  proper 
deduction  for  rivet-holes,  according  to  the  principles  explained  in 
Article  364,  p.  518,  and  Article  360,  p.  515. 

Por  ihe  best  plate  iron,  the  Tslue  of  the  modulns  of  tenacity,  /^ 
is  on  an  average  abont  50,000  lbs.  per  square  inch.  The  following 
are  the  results  of  substituting  that  value  for  60,000  in  the  com* 
patations  of  the  table  in  Article  369,  p.  527  :— 

For  a  Flat 
Upper  Rib. 

L  50,000  10  35,394  *2i  A2 -I- 1*41  A3  10,784  A2  +  50,000  Ag 

1150,000  20  33,333  •25A2+I-5   A3  1 1,1 1 1  A, +  50,000  A3 

in.  50,000  30  30,509  -32  Aj  +  I  -64  A  J  1 1,584  A2  +  50,000  A  J 

17.50,000  40  27,273  •4iA2+i*83A3  12,121  A2  + 50,000 A3 

Y.  50,000  50  24,000  *54  A2  +  2'o8  A3  12,667  A2  +  50,000  A3 

lY.   VerHcal  Wd>. — ^The  thickness  of  the  vertical  web  is  seldom 

made  less  than  |  inch,  and,  except  in  the  largest  beams,  is  in  general 

more  than  sufficient  to  resist  the  sheaviug  stress.     In  those  beams 

in  which  it  becomes  necessary  to  attend  specially  to  the  power  of 

the  vertical  web  to  resist  the  shearing  action  of  the  load,  the 

amount  of  that  shearing  action  is  to  be  computed  for  a  sufficient 

number  of  cross-sections  by  the  formulse  of  Ai-ticle  161,  Case  IX., 

pp.  247,  248,  249,  and  its  greatest  intensity,  for  an  assumed 

thickness  of  web,  by  the  formula  of  Article  168,  Case  YUL, 

pi  267.    (In  many  cases,  however,  it  is  sufficiently  accurate  to 

assume  the  shearing  sti^ess  to  be  entirely  borne  by  the  vertical 

web,  and  uniformly  distributed  throughout  its  section.)    It  is  then 

to  be  considered  that  the  shearing  stress  at  the  neutral  axis  is 

eqaivalent  to  a  pull  and  a  thrust  of  equal  intensity  inclined 

opposite  ways  at  45°,  and  that  the  vertical  web  tends  to  give  way 

^bnckling under  the  thrust;  so  that  its  ultimate  resistance  in  lb& 

per  square  inch  is  given  by  the  following  expression :— > 

36,000  -.  . 

?~' ^^'i 


1  + 


3,000  fi 


in  which  i  is  the  thickness  of  tlie  plates  of  the  web,  and  b  the  dis^ 
tmce  measured  along  a  line  inclined  at  45°  to  the  horizon,  between 
two  i](l  its  vertical  stiffening  ribs;  or,  if  it  has  no  such  ribs,  between 
the  upper  and  lower  horizontal  ribs.     The  intensity  of  the  shearing 
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addon  of  the  worlsiog  load  should  not  exceed  one-sLxth  of  te 
resistance  given  by  the  above  formula. 

Y.  Longiiudinal  Variations  of  Section, — Inasmuch  as  the  benl* 
ing  moment  of  the  load  diminishes  from  the  middle  of  the  baa. 
towards  the  ends,  and  the  shearing  force  from  the  ends  tomnk 
the  middle,  according  to  principles  stated  in  Article  161,  pp.  345 
to  249,  the  transverse  sections  of  the  horizontal  ribs  may  btt 
diminished  from  the  middle  towards  the  ends,  and  that  <^  tfca  - 
vertical  web  from  the  ends  towards  the  middle,  so  as  to  make  tki 
resistance  to  bending  and  shearing  respectively  vary  aooordiog  ^ 
the  same  law. 

VL  Vertical  Riha, — Each  vertical  rib  is  to  be  considered  este 
as  a  suspending-piece  from  which  a  portion  of  the  load  hangs,  or  it 
a  pillar  on  which  a  portion  of  the  load  lies,  according  as  tlie  lotd  is 
hung  from  or  8up]X)rted  upon  the  beam ;  and  its  transverse  sectioa* 
must  be  made  sufficient  for  the  duty  so  thrown  upon  it,  accon]iB|, 
to  the  principles  of  Article  364,  p.  518,  or  Article  366,  p.  521, 
the  case  may  be ;  and  regard  must  be  had  to  the  fact,  tfaat  a  l&ft 
rolling  load,  such  as  that  upon  one  of  the  wheels  of  a  looomotn* 
engine,  may  be  concentrated  upon  one  vertical  rib. 

Above  each  oi  the  poirUa  ofsujjporty  the  vertical  ribs  must  mAtX, 
be  placed  closer  or  made  larger,  so  that  they  may  be  join^ 
capable  of  safely  bearing,  as  pillars,  the  entire  share  of  the  loai 
which  rests  on  that  point  of  support 

A  pair  of  vertical  T-iron  ribs  rivetted  back  to  back  through 
web-plates  may  be  held  to  act  as  a  pillar  of  cross-shaped 
(Article  366,  Case  IX.,  p.  623.) 

{Note  as  to  DiagonaL  Ribs. — It  is  obvious  that  the  bes*  poidtio 
the  stiffening  ribs  would  be  diagonal,  sloping  upwards  from 
ends  of  the  beam  towards  the  middle  at  angles  of  45^;  bat 
would  involve  inconvenience  and  expense  in  workmanship, 
would  cause  the  plates  for  the  web  to  be  cut  into  awkward 
complex  figures). 

VII.  Rivets. — The  principles  which  regulate  the  number 
dimensions  of  the  rivets  that  connect  the  lengths  of  the 
horizontal  rib  together  have  been  sufficiently  explained  in  the 
sages  referred  to  in  Division  III.  of  this  Article. 

The  rivets  which  connect  one  division  of  the  web  with  an 
ing  vertical  rib  should  be  capable  of  withstanding  safely  tlie 
shearing  action  of  the  load  at  the  joint  in  question. 

The  shearing  action  on  the  rivets  which  connect  one  of 
horizontal  ribs  with  a  given  division  of  the  web  is  to  the 
shearing  action  of  the  load  at  the  middle  of  that  division 
nearly  as  the  length  of  the  division  in  question  is  to  its  deptk 

YUX  Camber, — In  order  that  a  bdlt  wrought  iron 
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^  522,    In  order  that  these  cells  may  be  sufficiently  BidS,  tkt 
iridth  of  each  of  them  should  not  exceed  ihirUf  times  the  tkieium  ^\ 
Ae  plates  of  which  they  are  made;     The  joints  of  the  oeUs  tit 
connected  and  stiffened  by  means  of  covering  plates  outside  as  veS 
as  angle  irons  within.     The  breadth  is  fifteen  feet 

The  two  vertical  webs^  or  sides^  B,  exactly  resemble  the  Tstnl 


i  A 


i\ 


: 


I 


Fig.  247. 


fig.  24a. 


web  already  described  in  Division  IV.  of  the  last 
composed  of  plates  set  up  on  end,  and  connected  by  i 
of  vertical  T-iron  ribs,/,/   ThehorizontaljointsofUieside 
made  &st  by  covering  strips.     The  lateral  steadiness  o 
nection  between  the  horizontal  tables  and  the  vectieU 
■flisted  by  means  of  gussets,  ^  h,  and  horinntsl 
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tts  inner  T-iron  tiha.    The  top  and  bottom  are  farther  stiffened 
hj  transvene  ribe,  e,  g,  one  at  every  third  set  of  vertical  ribo. 

Fig.  218  ihowB  one-half  of  a  kmd  of  cross-section  for  a  great 
Wnihu'  girder  16  feet  broad,  in  vhich  the  top  and  bottom  oonsiBt 
:«f  one  or  more  lnyeis  of  plates  rivetted  close  t(^;ether,  and  atif- 
ifined  by  means  of  projecting  ribs,  instead  of  by  a  c^ular  structure, 
flie  girasv  of  the  Victoria  Bridge  over  the  St  Lawrence  belong  to 
this  class.  A  is  the  npper  table;  it  is  slightly  arched,  having* 
ndins  of  curvature  equal  to  about  six  times  its  breadth,  and  is 
itiSened  by  the  longitudinal  T-iron  ribs  d,  d,  d,  d,  about  2  feet  3 
faches  apart,  and  by  the  transverse  ribs  e,  about  7  feet  apart  B 
a  one  of  the  sides,  irith  vertical  T-irou  ribs  in  pail's,  J\  f,  about 
%\  feet  apart  C  is  the  bottom,  consisting  of  a  sufficient  thick- 
vm  of  plates,  vith  covering  strips;  it  is  stiffened,  so  &r  as  it 
Meda  stiffening,  by  its  connection  irith  the  transverse  joists  g  of 
Ae  platfcvm,  which  are  doable  T-shaped  plate  beams,  one  at  every 
f  feet ;  A,  h,  are  gussets  to  stiffen  laterally  the  connection  between 
J^  sides  and  the  top  and  bottom. 
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tabular  girdera  In  applying  to  them  the  principle  of  DivisioB 
YI.  of  that  Article,  p.  530,  so  far  as  it  relates  to  the  stxei^  umI 
stifihess  required  for  the  vertical  ribs  at  the  points  of  sapport^  ifc 
may  be  found  necessary  greatly  to  enlarge  those  ribs,  and  to  girs 
thein  the  form  of  double  T-shaped  plate  girders  standiog  on  endr 
and  tapering  from  below  upwards. 

To  illustrate  the  relative  proportions  of  the  parts  of  w\aik  a 
tubular  girder  is  composed,  the  following  statement  shovi  tboas 
proportions  for  the  tubes  of  the  Conway  Bridge: — 

The  quantities  of  iron  in  the  top  and  bottom  are  nearly  eqittl; 
for  though  the  top,  being  compressed,  has  a  larg^  effectae  action 
than  the  bottom,  which  is  stretched,  the  total  seciaon  of  tka 
bottom  is  increased  so  as  to  be  nearly  equal  to  that  of  the  tofj^ 
by  the  greater  dimensions  of  the  covering  plates  required  at  ths 
joints. 

The  two  sides  together  contain  neariy  the  same  qoanti^  of  ina 
with  the  top. 

The  distribution  amongst  the  yarious  parts  is  as  follows:— 

Top.  Sides.        Bottom. 

Per  cent    Per  cent     Per  caoL 

Plates, 61-0  51-3  61-1 

Angle  iron  and  T-iron, 2g'^  37*2  14*9 

Covers, 3-8  5-4  197 

Kivet-headSy 5*9  6'i  4-3 

lOO'O  lOO'O         I009 

Proportion  per  cent,   of  ef- )      g  f 

fective  to  total  section, /      ^''         ^^^        ^^  ^  \ 

Proportion  per  cent,  of  ef-S 

fective  to  total  section  off  ^ 

bottom,     deducting      one-  J  *'^ 

severUh  for  rivet-holes, ) 

(See  Fairbaim  On  TubuLar  Bridges;  Clark  On  tAe 
and  Convxiy  Bi^idges;  Hodges  On  the  Victoria  Bridge; 
son  "  On  Iron  Bridges,"  in  the  Encyc  BriL) 

372.  In  the  srcetiMi  •r  imm  cuvdcn*  tinee  metliodi  my 
followed :  a  girder  may  be  built  on  the  ground  and  lifted  to 
place;   it  may  be  moved  endwise  upon  rollers  on  to  its  pr 
or  it  may  be  bidlt  in  position  on  a  scaffold.     The  first  method 
adopted  with  the  girders  of  the  Britannia  Bridge,  each  of  * 
was  floated  on  pontoons  to  a  position  between  the  piers 
below  its  permanent  position ;  the  faces  of  the  piers  having 
to  admit  the  ends  of  the  girder.     It  was  then  lifted  by 
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-heads  of  the  plungera 
the  piers,  throiigh  a  hei| 
et).  As  the  beam  rose, 
ith  brickwork,  which  ft 
lile  the  plungers  were 

to  raise  it  thmugli  t1 
"he  girders  of  the  Vid 
their  final  position,  all  i 
leit  shaped  and  punched 
ise  on  rollers  on  to  the 
intinuoua  over  two  or 
luri-Dg  the  process  to  be 
I  stay-chains. 
Lit  up  span  by  span  the 
owing  method  baa  been 
rder  to  have  been  eret 
e  pier  where  they  me* 
own  weight;  and  the 
puallel  vertical  planea 
■  end  of  one  of  the  lei 
uulic  press,  a  lifting  ja 

the  two  adjoining  en 
le  fast  to  each  other 
itable  means  of  conni 
:  has  been  tilted  up  is  : 
I  same  process  is  tbllov 
ier  is  required. 
itjr  over  the  piers  npon 
Article  178,  p.  287,  ai 

288  to  292. 

must  not  be  carried  t 
int  with  a  proper  proi 

changes  of  tempenttur 
id  support;  all  the  reat 
the  case  of  a  girder  con 
I  fixed  point  of  supper 
argest  continuous  iroD 
nnia  Bridge;  they  are 
s  and  two  abutments, 
>rt  on  the  central  pier 
■,3  of  support,  BO  that  < 
acts  at  each  side  of  the  i 

respecting  the  mode  o 
rder,  it  is  obvioos  that 


536  MATBBIALB  JLND  STBUOTOIUEa. 

the  making  of  the  oonnectiony  each  lengUi  bends  nnder  its 
weight  as  a  separate  girder,  and  that  the  whole  of  its  top  ahoald  b9 
stiffened  to  resist  compression.  After  the  connection  has  heeft 
effected,  the  top  of  each  girder  assumes  a  state  of  tension,  snd  tlie 
bottom  a  state  of  compression,  from  the  piers  to  the  points  of 
amtraary  Jlexwre  ^p.  291,  equation  10).  Hence  both  the  top  and 
the  bottom  of  a  girder  which  is  to  be  continuous  over  the  pien  are 
to  be  stiffened  by  means  of  cells  or  ribs,  so  as  to  he  capable  </ 
resisting  either  compression  or  tension.  Such  is  the  case  in  the 
Britannia  Bridge,  where  the  girders  are  cellular  both  aboTe  and 
below.     (See  the  authorities  cited  in  p.  534.) 

It  has  already  been  shown  in  Article  178,  Method  IL, 
equations  7  and  8,  pp.  289,  290,  that  if  io  be  the  fixed 
load,  and  te/  the  rolling  proof  load  (being  twice  the  ofdimiy 
rolling  load)  per  unit  of  length,  the  moments  of  fleznie  are 
respectivelji 

over  a  pier, -M^  =  — ^j — •  ^; (L) 

in  the  middle  of  a  span,  M^  =  — ^j —  7; -*-(^) 

the  sum  of  which,  or  — ^ — •  P, ^) 

is  simply  the  moment  of  flexure  in  the  middle  of  a  separate  mkmk 
The  effect  of  the  operation,  then,  already  described,  bynieka 
gilder  is  made  continuous  over  the  piers,  consiste  in  rdierii^  tiie 
middle  of  each  span  of  the  girder  of  bending  action  to  the  amaimk 
denoted  by  the  expression  (1),  and  transferring  that  amount  of 
bending  action  to  the  parts  over  the  pier&  I^  as  is  the  caae  in 
tubular  bridges  of  the  largest  class,  the  rolling  load  is  leas  than 
the  fixed  load,  (1)  is  greater  than  (2);  but  the  most  advantageoai 
method  of  employing  the  strength  of  the  material,  is  to  make  lbs 
bending  actions  at  mid-span  and  at  each  pier  equal  to  eadi  odiei^ 
each  of  them  being  one-half  of  the  expression  (3);  that  is  to  aaj, 

-re -P- (*^) 

To  effect  this  result,  an  imper/eU  coniimdty  is  to  be  ptodnoed  im 
the  following  manner : — 

Observe  the  angular  opening  between  the  end  surfaces  of  a  pair 
of  lengths  of  the  girder  as  they  lean  from  each  other  before  Imm^ 
connected  j  denote  it  by  ^,  then  compute  the  following  qoantitj:-* 


n 


538  MATERIALS  AKD  8TRUCTDBE8. 

I,  the  span; 

b,  the  breadth,  from  centre  to  centre  of  the  yertical  sidea. 

A  J  and  A3,  as  before,  the  sectional  area  of  the  top  andlwHoffli 

and  Aj,  the  joint  sectional  area  of  the  sides. 
Then  the  greatest  bending  moment  is^ 

M  =  — ^-  at  the  middle  for  a  separate  single  span  girder]  (I) 
o 

M  =  -^o-  at  each  pier  for  a  girder  continuous  over  the  pieaj  (^) 

and  the  greatest  stress  is 

p,  =  M,^6(^  +  :^t±^) (1) 

The  greatest  pressure  of  wind  ever  observed  in  Biitun*  w 
55  lbs.  on  the  square  foot,  =  '382  lb.  on  the  square  inch.  (See  p.  797.) 

374.  Plain  Archcdi  Mrmm  Riba  are  tLsually  made  of  cast  iioD,  bot 
-wrought  iron  is  sometimes  employed.  The  present  ardde  h  oob- 
fined  to  those  iron  arches  which  have  not,  or  do  not  depend  for 
their  stiffiiess  upon,  diagonal  bracing  in  their  spandiils,  so  thitthe 
disfigurement  of  each  rib  is  resisted  either  by  its  own  stiffbesaloo^ 
or  by  that  stiffness  combined  with  the  stifiness  of  a  hoxia)Dt>l 
girder  directly  above  the  rib. 

The  whole  theory  of  the  action  of  a  load  on  an  aicbed  lib  btf 
already  been  given  in  Article  180,  pp.  296  to  314,  with  tb0 
exception  of  some  cases  which  have  come  to  the  author's  kQ0V- 
ledge  since  that  part  of  this  work  was  in  type,  and  which  vill  be 
treated  of  in  this  and  in  some  subsequent  articles. 

Cases  in  which  the  arched  rib  is  so  braced  by  means  of  tbe 
spandril-framing  that  a  special  theory  is  required  for  them,  viU  be 
treated  of  in  the  next  section. 

Beference  will  now  be  made  to  those  parts  of  preceding  artidei 
where  the  formulea  to  be  used  in  computing  the  strengtb  ci  azcfaed 
ribs  are  to  be  found 

The  usual  form  of  section  is  the  I  or  double  T-shape,  with  eqw 
flanges  above  and  below,  the  thickness  of  the  web  bebig  eqiisly  <* 
nearly  equaL  The  depth  (denoted  by  A  in  the  formula)  is  0^ 
generally  to  be  computed  by  means  of  a  formula,  but  is  to  le  foonj 
either  by  a  series  of  trials,  or  by  adopting  an  emmrical  rale, »» 
as  making  it  from  l-40th  to  l-60th  of  the  span.  The  ratio  g,  tobt 
used  in  the  formulae  for  strength  and  stiflnessy  is  to  be  oompoted  v 

*  By  the  late  Dr.  Niehol,  at  Glasgow  Ot—yam;. 


the 
bid 
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the  sign  ^  =P  >  being  used  according  as  t  denotes  <  ?^  lof  toB- 

peratme. 

The  mean  intensity  of  tlirust  p^  may  be  unknown;  in  'whaA 
case  a  provisional  calculation  of  the  horizontal  thrust  and  am  d 
section  must  be  made  without  allowing  for  the  effects  of  change  d 
temperature,  in  order  to  obtain  an  approximate  value  ci£p^ 

When  B  has  been  computed,  the  next  step  is  to  compute^  fay  tiie 
formula  36,  p.  307,  the  proportions  r^  and  f^^  of  the  span  wUdi 
must  be  loaded  with  a  rolling  load,  in  order  to  make  the  tiuiuft 
and  tension  respectively  the  greatest  possible. 

Should  the  sectional  area  be  fixed,  the  greatest  thrust  pj^  and  tiie 
greatest  tension  p\,  are  then  to  be  computed  by  means  of  equatiooi 
37  and  38  respectively,  p.  307. 

Should  the  sectional  area  have  to  be  fixed  by  eompotatkii, 
transpose,  in  these  equations,  the  83rmbols  A  and  p;  they  tiien 
become  formulie  for  computing  the  sectional  area,  if  the  gresteit 
safe  working  thrust  and  tension  respectively  be  put  forp^  and^p 
and  the  greater  of  the  two  values  of  A,  is  to  be  adopted  for  the  azei 
at  the  crown  of  a  rib  of  uniform  stiffness. 

To  find  the  total  horizontal  thrust  H  when  the  stress  is  greatei^ 
use  equation  31,  p.  306.  The  quantityj?^  in  the  expression  (1)  abore 
has  for  its  value  H  -r-  Ay 

The  greatest  total  horizontal  thrust  is  found  by  making  r  =  1. 

The  approximate  formulae,  37  a,  38  a,  p.  307,  and  31  B,  33 1^ 
87  B,  38  B,  p.  308,  may  be  used  in  the  cases  there  explained 

Case  IL — When  the  rib  is  fixed  at  the  crown  to  a  horaimial 
girder,  see  Problem  VIII.,  pp.  313,  314. 

Case  III. — ^The  rib  may  be  vertically  hinged  ai  the  endt,  hj 
having  them  rounded,  and  supported  by  hollow  cylindrical  hear 
ings,  so  that  they  resemble  trunnions  or  journals.  This  case  &Ik 
under  Problem  VI.;  and  the  first  step  in  the  calculation  is  U> 
compute  the  value  of  the  quantity  C  by  means  of  equation  51» 
p.  310. 

To  allow  for  the  effect  of  changes  of  temperature,  introdoee 
into  the  factor  of  C  within  the  brackets,  the  expression  (1)  of  thii 
Article,  already  explained. 

The  most  severe  stress  occurs  very  nearly  when  one  half  of  tha 
BpKa  is  loaded.     Under  that  condition, 

To  find  the  total  horizontal  thrust  H,  use  equation  52  i,  p 

311; 
To  find  the  greatest  moment  of  flexure  M"^  use  equation  57  i» 

p.  312; 


mtj  of  atr«s8  if  the  aeotioiial  ares  him 
i58,  p.  311; 

ional  area  at  the  crown,  make  p.  =  the 
itensity  of  thrust;  and  uw  the  lollow* 


'ftV?^"^     /" 


-(2.) 


'ofind  AegnatatdeXtetitm,  see  Problem 

the  crown  and  of  tha  ends. — The  hing- 
a,  as  well  aa  at  the  ends,  has  been  pro- 
tlea  des  PonU  et  Chaut»ea,  1861),  but 
hL  Thin  mode  of  construction  would 
annnlling  the  atiaining  effect  both  of 
id  of  the  yielding  of  the  piers.  The 
jteatest  streee  in  this  case  are  deducible 
,  pp.  311,  312,  by  making  C  =  0;  and 


neutral  line  in  inches ; 
lineal  horizontal  inch ; 
r  lineal  horizontal  inch ; 

f  stress  occurs  when  one  half  of  the  rib 
load;  and  in  tliat  oonditioa  the  total 


i  («»+5); 


,..(3.) 


ixure,  which  acts  downwards  o 
the  unloaded  half  of  the  rib,  is 


..(4.) 


if  tenrion,  if  any,  occurs  at  tlie  iniMr 
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flange  of  the  loaded  and  outer  flange  of  the  unloaded  iib|  and  ks 
the  following  value : — 

To  proportion  the  depth  of  the  rib  A  to  its  rise  hy  so  that  tbe 
greatest  tension  may  bear  any  given  ratio  to  the  greatest  throst| 
xoake, 

qh^         to         Pi-p'i,  fnx 

(for  the  value  of  q,  as  before,  see  Article  179,  Case  XL,  p  295.) 

The  greatest  total  horizontal  thrust  occurs  when  the  rib  is  loaded 
over  its  whole  span;  and  its  amount  is, 

H|=^(«V+«')- t^) 

In  many  of  the  older  examples  of  cast  iron  ardied  bridges,  tiM 
ribs  consist  of  a  large  number  of  small  cast  iron  open-woric 
panelled  frames,  acting  as  voussoirs,  and  bolted,  doweUed,  or  otto- 
wise  connected  together;  but  this  mode  of  construction  is  defident 
in  strength  and  stability;  and  in  later  and  better  examples  the 
ribs  are  made  in  as  few  and  as  long  pieces  as  is  practicable,  and 
these  are  made  to  abut  firmly  and  accurately  against  each  otbo'  at 
planed  surfaces,  and  are  connected  by  means  of  transverse  flanges 
and  bolts.  In  cast  iron  arches  of  moderate  size  each  rib  nsoallj 
consists  of  two  lengths  only,  bolted  together  at  the  crown.  In 
Southwark  Bridge  the  ribs  consist  of  pieces  of  20  feet  in  length, 
whose  ends  abut,  not  directly  against  each  other,  but  against 
transverse  plates,  which  serve  to  bind  the  several  parallel  ribe  of 
the  bridge  together  crosswise,  and  through  which  the  flanges  of  the 
lengths  of  the  ribs  are  boltcni  together.  In  the  new  WesfcminriiS 
Bridge  each  rib  consists  of  five  pieces,  the  side  pieces  being  of 
cast  iron,  and  the  middle  piece  of  wrought  iron. 

The  subject  of  iron  arched  ribs  will  be  further  ooDsidered  in 
treating  of  braced  iron  arches  in  the  next  section. 


Section  IV. — 0/  Iron  Frames. 


375.  iroM  vuafmrmm^ — ^A  platform  in  whidh  timber  plauidng  > 
supported  by  iron  girders,  or  girders  and  joists,  requires  no  remaib 
beyond  those  which  have  already  been  made  in  Article  S36,  J^ 
465  to  468,  i^;ard  being  had  to  the  diffeiciiM  of  the  iMiteiW 


of  platforms  with  their  loada,  see 

le  load  of  the  platform  of  a  railway 

Article  341,  pp.  475  to  477. 

iring  of  a  ptatlbrm  in  Tarious  forms. 

form  of  Bectiou  for  supporting  very 
>.  518;  also  Article  366,  Example 
ioned  as  directed  in  the  example 
ional  nrea  of   the  table  =  the  joint 

X  '373),  it  has  the  following  pro- 

quadrantal  wings  meaeored  to  tha 


17;  j 


lail  =  4  R  i  very  nearly ; 
;  the  middle  of  the  depth; 

X  area  ■=  t^  I  R*  nearly^ 

by  crushing  or  buckling  of  the  top 
to  3£>,000  lbs.  per  square  inch, 
be  BO  supported  that  the  bending 
Q  a  plane  parallel  to  the  ridges  and 
M  rivetted  across  the  ridges  and 

spreading.  These  may  be  at  dis- 
co the  brtidth  of  the  comigations. 
'  a  sheet  of  corrugated  ironj  h  the 
!,  the  virtual  thickness  in  inches^ 
I' horizontal  projection  ■¥  40  j  then 

ent  =  ^/A6t- (1) 

34,200  lbs.  on  the  square  inch,  by 

le  the  Engliwer,  Koveraber,  1808, 

)  Load  on  a  Plate. — When  a  rect- 
.  two  parallel  edges,  the  bending 
aced  upon  it  is  the  same  as  that 
beam  of  the  same  xynn. 
s  firmly  supported  at  all  its  four 
bending  moment  ia  diminished.  If 
moments  exerted  in  planes  parallel 
1  to  each  other;  if  it  is  oblong,  the 
xerted  in  a  plane  parallel  to  the 
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breadth^  or  lesser  dimension  of  the  plate,  the  tendency  being  to 
split  it  lengthwise  at  the  middle  of  its  breadth. 

The  following  formuhe  are  founded  on  a  theory  whidi  v  onJf 
approximatelj  true,  but  which  nevertheless  may  be  oonsidend  to 
involve  no  error  of  practical  importance : — 

Let  W  denote  the  total  load. 

If  the  length  of  the  plate,  between  the  supports  of  its  eodft 
5,  its  breadth,  between  the  supports  of  its  side  edges; 
My  the  greatest  bending  momenta 

Case  L— Square  plate^  load  unifonnlj  distributed; 

«-¥ « 

Oaii  tlw— Square  plate,  load  collected  in  the  centre; 

M=^.... (i) 

Cask  IIL — OUong  plote^  load  noifoimly  distribated; 

„    vn*b  ,,. 

"=8(f«  +  6*y ^^' 

Cask  IT. — OUong  plate,  load  collected  in  the  centra:  Ilea  dan 
119  6; 

„    3Wi*6  ... 

^  =  5^FPF) W 

Case  Y. — Oblong  plate,  load  collected  in  the  centre,  I  equal  to 
or  greater  than  1*19  &; 

M  =  ~j-; (7.) 

being  the  same  as  for  a  plate  supported  at  the  side  edges  anif. 

Case  YL — Circular  plate,  of  the  diameter  6,  supported  all  nmi 
the  edge,  load  uniformly  distributed; 

M=^=-053W6. (a) 

or 
Case  YIL — Circular  plate,  load  collected  in  the  ceniro; 

M»?^=-159  Wi. 4?-) 
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plate  3  feet  square,  \  inch  thick,  and  with  17d  inch  of  carvBim^ 
are  4-5  tons  for  a  st^dy  load,  and  3  tons  for  a  moving  load.  The 
buckled  plates  used  bj  Mr.  Page  for  the  platform  of  the  Kew 
Westminster  Bridge  meaanire  84  inches  by  36,  with  a  curvsture  of 
3^  inches,  and  thickness  of  ^  inch;  they  bear  17  tons  on  tk 
centre  without  giving  way.  According  to  Case  V.,  this  ooneflponds 
to  a  maximum  thrust  at  the  convex  part  of  17,920  lbs.  per  squareiock 

The  square  form  of  buckled  plates,  supported  and  fastened  at  all 
the  four  edges,  is  the  most  fitvourable  to  strength. 

376.  Iron  VL—a, — An  iron  roof  may  either  be  made  entirelj  o£ 
iron,  or  the  framework  may  be  of  iron  and  the  covering  of  some 
other  material  As  to  the  construction  and  weight  of  vanoos  sortB 
of  covering  for  roo&,  see  Article  337,  p.  468.  To  the  sorts  of 
covering  there  described  there  may  now  be  added  budded  trm 
plcUeSy  already  described  in  the  last  article ;  the  thicknesses  suited  ftr 
roofing  being  from  l-20th  to  1-1 0th  of  an  inch. 

The  framework  of  iron  roofs  consists  of  parts  analogous  to  thooe 
already  described  in  treating  of  the  fi:amework  of  timber  roQ&  ia 
Articles  338,  339,  pp.  469  to  475,  with  the  exception,  that  m 
roofs  covered  with  sheet  iron,  whether  plain,  corrugated,  or 
buckled,  the  "common  rafters"  are  unnecessary;  the  covering 
being  supported  on  horizontal  T-iron  or  angle  iron  bars,  wliidi  aci 
as  laths  or  as  purlins,  and  which  are  themselves  supported  on  the 
principal  rafters.  Those  principal  rafters,  and  the  trusses  to  wbi^ 
they  belong,  are  placed  at  regular  distances  of  from  2  feet  6  indiea 
to  7  feet  apart;  the  average  distance  is  about  5  feet. 

The  general  designs  of  those  frames  or  trusses  are  analogous  to 
those  used  in  timber  roofs;  and  in  the  computation  of  the  thmifei 
and  pulls  along  the  several  pieces,  the  same  formulse  are  ^plicabk: 
(See  Article  339,  pp.  469  to  475.)  In  iron  roof  trusses,  howevci^ 
there  is  seldom  a  tie4feam;  the  principal  tie  being  uaoally  a  single 
rod,  supported  at  one  or  more  points,  and  having  no  tnnsvene 
load  except  its  own  weight  between  the  supported  pconts. 

To  the  examples  of  roof  trusses  given  in  Article  339,  ma^  he 
added  the  following,  which  illustrates  a  kind  of  seoondaiy  tcnsBing 
peculiar  to  iron  roofs  as  distinguished  from  timber  roofs: — ^1  3  3 ii 


Fig.  251. 


the  primarf/  truss,  consisting  of  the  two  rafters  1  2,  1  3,  aad  te 
I«incipal  tie-rod  2  3.     To  find  the  stresses  on  its  jdeoea^ 


new  Boon  6*7 

on  of  the  roof  to  be  cono»itnted  at  tlie 
Article  339,  Case  L,  p.  469. 
»,  Bupporting  the  middle  point  B  of  the 
it-brooe  4  5.  Conceive  otts  quarter  of  the 
the  roof  to  be  concentrated  at  5,  and 
figs.  102^  103,  p.  182. 
'  teamdarytntSMs,  similar  to  1  3  4,  butof 
tch  Buataining  vna^hA  of  the  weight  4^ 

of  the  rafter  may  thoa  be  multiplied  to 

Tees  on  each  portion  of  each  bar  of  ilie 
rj  the  aid  of  uie  principle  of  Article  121, 

middle  division  of  the  great  tie-rod  is 
nimai;  truss,  12  3.  The  pull  on  4  7  is 
indaiy  truss  14  3.  The  pulls  on  fi  7  and 
the  emalter  secondary  trusses  1  5  7,  5  6  3. 
)f  those  dne  to  the  truBses  14  3  and  175. 
)f  those  dne  to  the  trusses  12  3  and  14  3. 
1  of  those  due  to  the  trusses  1  2  3,  1  4  3, 
each  of  the  foor  divisions  of  the  rafter  1  3 
rts,  due  to  the  primary  trufis,  the  larger 
I  of  the  smaller  secondary  trusses  re- 

ibenng  the  principai  tU  by  bracing  it  up 
Article  119,  6g.  100,  p.  181. 
iron  roo/'trvMea  the  rafters  are  usually 
laped  iron  bars,  and  the  struts  of  T-iron 
ly  convenient  form  for  resisting  thrust, 
ts  of  these  and  other  figures,  see  Article 
lie  divisions  of  a  ntfter,  and  also  the 
ad  as  hi/nged  ai  CAs  mtds.  For  the 
itimes  employed.  (See  Article  36fi,  p. 
!U«  usually  round  or  square  rods;  the 
I  flat  bare  set  on  edge.  The  foot  of  a 
ith  the  end  of  the  great  tie-bar  by  a  gib 
•long  slot  (Article  361,  p.  616);  or  the 
at  into  a  cs£t  iron  shoe,  to  which  the  tie- 
key,  a  pin,  or  a  screw  and  nut  (Article 
le  and  vertical  tiea,  or  suspending-pieces, 
8  at  their  upper  ends,  where  they  are  hung 
I  of  pins,  and  screws  at  their  lower  ends, 
irith  the  stmts  and  with  the  great  tie-bar 
ts.    A  central  vertical  suspending-rod  i> 
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called  a  '' king-bolt;"  lateral  vertical  sospendiDg-rods  are  called 
"  queen-bolts." 

A  roof  may  have  arched  iron  ribs  instead  of  ra£ier&  As  to 
their  strength,  see  Article  374,  pp.  537  to  542.  As  to  the  stres 
on  a  semicircular  rib,  see  the  formuke  for  such  ribs  when  made  of 
timber.  Article  345,  pp.  481,  482. 

A  simple  and  light  roof  for  moderate  spans  is  made  by  xmg 
bent  sheets  of  corrugated  iron  so  as  to  act  at  once  as  a  covermg  snd 
an  arch,  the  thrust  at  the  foot  being  resisted  by  horizontal  tie-roda. 
As  to  the  strength  of  corrugated  iron,  see  Article  375,  p.  543. 

377.   Irmm.    Bmced    Oirdcrs^Geaeml    l>csiKB. — Lron   trosaes  Ot 

braced  girders  are  analogous,  in  their  figure  and  in  the  aedon  of 
the  load  upon  them,  to  the  timber  ''bridge  trusses"  already  described 
in  Article  341,  p.  475,  and  the  same  formuhe  are  to  a  great  extent 
applicable  to  both.  The  chief  differences  are,  that  pieces  idudi 
act  alternately  as  struts  and  as  ties  are  more  frequently  found  ia 
iron  than  in  timber  trusses;  and  that  in  iron  trusses  figures 
frequently  occur  which  resemble  those  of  timber  trusses  inmted, 
so  that  the  ties  become  struts  and  the  struts  ties. 

For  the  distribution  of  the  load  amongst  a  set  of  parallel  brid|ge 
girders,  see  pp.  475  to  477. 

The  following  are  examples  of  the  general  designs  of  iron  hnoed 
girders : — 

I.  Triangular  Truss.-^Bee  &g.  252.)    This  exactly  resemUei 

the  triangular  timber  truss,  ^.  207, 

p.  470,  inverted;  B  B  being  a  stmt, 

supported  in  the  middle  by  the  strut 

D,  and  the  tie-rods  A  and  C.    The 

Fig.  26*.  stress  on  each  of  its  pieces  may  be 

computed  by  means  of  the  formulae  1,  p.  470,  substituting  thniK 

for  tension,  and  tension  for  thrust. 

If  each  of  the  divisions,  B,  B,  of  the  horizontal  stmt  acts  als» 
as  a  beam,  supporting  a  distributed  load,  the  greatest  intensitr  of 
thrust  amongst  its  particles  is  to  be  computed  by  the  foninila 
(already  given  for  arched  ribs). 


4C"*-)^ <■•> 


in  which  H  is  the  horizontal  thrust,  computed  as  in  pi  470; 
M,  the  beuding  moment ; 
A,  the  sectional  area  of  ike  strut  B  B; 
h,  its  depth ; 

q,  a  factor  depending  on  its  figure,  as  to  wiad^  Mt 
Article  179,  p.  295. 


"^ 


By  tranHpoBiog  p  and  A  in  equation  1,  al 
formula  for  computiog  the  required  Bectional  i 
equal  to  the  greatest  working  thrii!.t  per  square 

IL  Trap^oidal  Truw.— (See  fig.  253.)  T. 
faapezoidal  timber  truBs,  fig.  209,  p.  470,  invert 
a  horizontal  Btont,  supported  by 
vertical  strata  E,E;  A,F,and 
G,  are  the  principal  ties ;  O,  O, 
tie-braces,  which  act  only  when 
the  points  5  and  6  are  unequally 
loaded. 

The  greatest  stress  on  the  principal  pieces 
Iwth  points  6  and  6  are  fully  loaded 

Let  W  denote  tbe  greatest  load  on  eocli  ol 

duding  <me-quarter  ot  the  weight  of  th' 
e,  the  balf-span  of  the  truss; 
tc,  the  distance  of  each  of  the  points  5  and 

of  the  span; 
i,  the  depth  of  the  truss,  meatcured  fron 

horizontal  strut  B  B  B  to  the  centre 

tieFj 
H,  the  total  thrust  along  B  B  B,  and  tota 
%  the  total  tension  on  each  of  the  iiv 

H  =  W(c-a!)-5-i;  T=  ,y{H»  +  i 

To  find  the  greatest  amount  of  tension,  E 
diagonal  braces,  G,  0,  let  W  be  the  ffreaUat  ex 
either  of  the  points,  5,  6,  above  the  load  on  the 
{u  in  equation  4,  p.  477), 


«  =  (?*W'S)--/T^ 


0  being  the  weight  of  one  of  the  braces. 

The  greatest  thrust  on  each  of  the  vertical  sti 
by  the  expresdon, 

in  which  B  denotes  the  weight  of  the  horizunta] 
K  that  of  the  upright  itselt 

IIL  Zig-xag  Trutt,  or  Warren  Qirder. — This 
upper  and  lower  horizontel  booms,  the  former 
itmt,  and  the  latter  as  a  tie,  in  resisting  the  ben 
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lottd;  of  a  series  of  diagonal  braces  forming  a  ag-ng, 
tiie  Clearing  action  of  the  load  by  thrust  and  tension  alternabdy; 

and  in  some  cases  of  a  senet 

^ -_     of  yertical  sospending-rods  to 

/  hang  cross-joists  from  the  nppsr 
TOW  of  joints,  such  as  1, 3,  5» 
N-1,  in  fig.  255. 

Fig.  254  lepraseatBthegens- 
xal  design  of  a  Wairen  gMs 


soited  for  supporting  a  platform  above  it,  at  the  points 
irith  the  even  nnmbers,  2,  4,  6,  &c.  (as  in  the  Onimlin  YiadBCI^ 
fig.  228,  p.  494)b  Fig.  255  represents  the  general  design  of  a 
Warren  ^rder  suited  for  su^orting  a  series  of  croes-joistB  belov 
it^  hung  from  all  the  joints,  1,  2,  3,  4,  5,  6,  &c,  N  —  1. 

The  actions  of  the  load  on  this  guder  are  oompated  bj  lSb» 
method  already  explained  in  Article  160,  pp.  230  to  243,  as  ap- 
plied to  a  beam  loaded  at  detached  pointa     When  eTeiy  joint  is 


equally  loaded  (as  in  fig.  255),  the  formula  for  the  bending  moment 
at  any  cross-section  is  that  of  Artide  161,  Case  YIIL,  p.  247.  In 
computing  the  shearing  force,  regard  must  be  had  to  the  action  of 
a  travelling  load,  as  explained  in  Artide  161,  CSase  TX.,  ppw  247, 
24a 

The  mo0t  convenient  method  of  computing  tibe  stresn  on  eadi 
piece  of  a  Wairen  girder  is  by  means  of  a  series  of  addxtiaiiB  and 
subtractions,  general  formuln  being  only  used  to  dieck  the  my 
curacy  of  the  results. 

The  first  step  is  to  number  all  the  joints  of  the  girder,  as  in  <^ 
figures,  designating  one  of  the  points  of  support  as  0,  and  ^ 
otiier  as  N;  N  being  the  number  (always  even)  of  equal  koriaantd 
diTiaons  into  which  those  joints  divide  the  span.  Let  n 
the  number  affixed  to  any  particular  joint; 

(  the  span  of  the  girder; 

i,  its  depth,  firom  centre  to  centn  of  die  horiaontal  booma; 

s,  the  length  of  each  dit^nal  brace; 


lU  ike 


(=\/*^*^> 


actun  at  a  croi  sectioii. 
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ti>e  Bheuing  action  betveen  < 

:o; 

i8  t}ie  case  may  be,  upon  that  ]: 

lies  between  the  jointe  n  —  1  ai 
int  n;  for  example,  H^  is  the  te 
irnstonOSuifig.  254;  H^iatl 
le  tension  on  1  3  in  £g.  254;  ai 

action  at  each  cross-section  tal 

over  the  whole  span ;  the  mo 
1  croBs-aection,  irhen  the  larger 
1  the  shorter  unloaded;  there 
i  made  in  computing  the  strei 

latter  in  computing  tlie  atreai 

guished;  Hiat  of  fi(^  255,  in  ^ 
int,  and  that  of  fig.  294,  in  w 
nta  marked  with  even  numbt 
nore  complex  in  constructioi 
is  therefore  taken  fiist 
id.  Let  the  fixed  part  of  the 
paii  u/j  so  that 
(w+«0(N-l), 


^  HoTwontal  Stratee. 
pressure  (Fg)  at  each  of  the 
lU  load;  that  is  to  say, 

r=<«'+«0-2- 

term,  and  hy  successive  subtrt 

11  the  other  termi^  of  the  followi 

og  actions,  each  multiplied  by 
ital  division  of  the  qian  to  the 


1 
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Then  the  series  of  horizontal  stresses  on  the  sereral  diviaoni 
cf  the  booms  are  to  be  computed  by  saooessiTe  additifms^  ss 
follows: — 

I 


H,= 


.(7.) 


The  test  of  the  accuracj  of  this  series  of  calculations  is,  Uni  for 
the  middle  horizontal  piece,  whose  number  is  N  ~  2,  it  should  gives 
lesolt  agreeing  with  that  of  the  following  formula : — 

H,=^^»+«0. (&) 

This  is  the  maximum  value  of  H,  which  has  equal  Talues  Ibr 
pieces  equally  distant  from  the  middle  piece. 

The  value  of  H  for  any  particular  piece  whose  number  is  n  msj 
be  tested,  if  required,  by  the  following  formula : — 


TT        ^    /         ^  n(N-n) 


(9) 


To  find  the  Diagonal  Stresses  due  to  tkefiaoedpairt  qfihe  Load. 

Let  the  stress  produced  by  the  fixed  part  of  the  load  on  As 
diagonal  brace  which  lies  between  the  joints  n  and  a  + 1  ba 
denoted  by  T«.  This  will  be  a  pull  or  a  thmst  alteniatdy,  ae- 
cording  as  the  brace  in  question  slopes  downwards  or  npmdi 
towards  the  middle  of  the  span.  The  values  of  this 
computed  by  a  series  of  subtractions  of  the  ooDstaat 


§w 


as  follows : — 


To= 

8W 

■  h 

N-1 
2 

Ti= 

=To- 

8V> 

'  k    ' 

T2= 

=T,- 

««0 

drci 

=to. 

■m 
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vdaticms  is  tested  by  1 
iddle  joint  of  the  g 

K  due  to  t}te  roUing  pa 
tional  to  the  series 
which  result  irom  t1 
iva,  1,  2,  3,  4,  Ac. ;  an 

successive  additions 

lowing  arithmetical  i 


beii^tested  by  the  di 
s.  Then  compute  thi 
with  0,  and  adding 


Hi' 


calcnlation  by  the  d 


Jt ■■ 


n 


B5i  XATEBIALS  JLND  STSUCTDKSS. 

Then  for  any  giveii  diagonal,  whose  number  is  n  (tiial  u^  iHdek 
fies  between  the  joints  n  and  n  +  1),  the  qnantitycorreqpondiBgto  thai 
number  in  the  Grst  column  (S»)  will  be  the  grea^eat  atreas  pndafiod 
by  the  rolling  load,  of  the  contrary  kind  (thrust  or  pull),  to  that  pro- 
duced by  the  j&xed  load;  and  the  quantity  in  the  same  line  d  tke 
second  column  (Sjr... ,)  will  be  the  greatest  stress  produced  bj  ike 
rolling  load^  of  the  same  kind  with  tbt^t  produced  by  the  fixed  kai 

To  find  the  greatest  residtant  Stress  on  «ic&  Diagonal  BruoL 

(1.)  For  the  braces  which  slope  ttpuxxrds  towards  the  middle  of 
the  span,  take  the  sum  of  the  stress  due  to  the  fixed  load,' and  the 
greatest  stress  of  the  same  kind  due  to  the  rolling  load,  as  e^naad 
by  the  formula^ 

T.  +  S, .; (li) 

the  result  will  be  the  most  severe  stress,  and  will  be  a  thntsL 

(2.)  For  the  braces  which  slope  dowruoards  towards  the  middle 
of  the  span,  make  the  same  calculation;  the  result  will  be  tfe 
greatest  Uress,  and  will  be  tension. 

But  when  a  piece  of  wrought  iron  is  eaiposed  ahcniately  ti 
tension  and  thrust,  the  thrust,  although  less  than  the  tensioii,  maj 
be  mare  severe,  on  account  of  the  smaller  capacity  of  the  material 
for  resisting  it.  To  ascertain  whether  this  is  the  case  for  any  parti- 
cular brace  sloping  downwards  towards  the  middle  of  the  sfs^ 
compare  the  tension  produced  by  the  fixed  load  (T,)  with  tke 
greatest  thrust  produced  by  the  rolling  load  (SL);  and  if  uie  latter  is 
the  greater,  the  excess 

S.-T„ .(!&) 

will  be  the  greatest  thrust  to  be  borne  by  the  brace  in  questaoo. 

Case  II. — The  joints  marked  with  even  numbers  loaded,  Iks 
unioaded    In  this  case  the  full  load  is  expressed  as  foUom: — 


W=(tr+«0-  (^-l)...-.- G'> 


To  find  ihe  Horizonial  Stresses 
eompiite  Ae  Baj^Mrting  pressure  at  the  point  0  as  foDows: — 


F||=  "5"=  (•'+»)•  (-7""  A  )■•••*•••*•••- **«0^) 


Tlien  compute  the  following  series,  of  which  the  terms  an  eqaal 
by  pairs,  each  pair  being  leas  than  tiie  preceding  by  the 


these  calonlationB  ia,  thst  i 
he  result  should  be  aa  fol 


>f  this  series  of  calculatic 
it  should  give  a  result 
illowiug  formuhe : — 


he  Diagonal  Stnmm, 
me  as  in  Case  L,  with 


itions, 

-,  istobesubetitnl 

sated  OB  having  ^  instead' 

.2),  has  1  instead  of  Kt 

instead  of  N— 1  term. 

1  be  a  middle  term  in  tl 
if  the  series  ie  tanged  is  : 
iie  table  (14),  that  middh 
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Each  of  the  results  denoted  by  T  and  S  in  the  aerifii  (10)  flod 
(14),  and  by  their  sums  and  dLfTerences  in  the  formuls  15  and  16i 
applies  to  a  pair  of  adjacent  diagonal  braces,  one  sloping  npvards 
and  the  other  downwards  towards  the  middle  of  the  span.    Thns 

Tq,  Sq,  Sir_  J,  Apply  to  the  braces  0  and  1 ; 

Ti,Si,Sk_„  „        „  „     2  and  3; 

and  generally, 
T„  S^  Sir  ,  apply  to  the  braces  2n  and  2  n + 1. 

The  ordinary  angle  of  inclination  of  the  braces  in  the  Waim 
girder  is  60^;  in  which  case  some  labour  of  calculation  is  sm^y^A  hf 
the  fact  that  the  length  of  a  brace,  8,  is  equal  to  the  difrtancft  fironi 
joint  to  joint  along  one  of  the  booms,  2  l-r-N. 

Example  of  Case  II.— Suppose  the  design  of  the  girder  to  be  as  ia 
fig.  25i,  and  to  consist  of  17  equilateral  triangles,  so  that  N~  18; 

Jt  =  -7=  -  •  57735;  ^=1-1547; 

also  let  the  loads  on  each  of  the  points  2,  4,  6,  8,  10, 12,  14^  16^  be 
respectively 

fixed,  to  =12,000  lbs. 

roUing,t(/:==  18,000  lbs. 

This  is  nearly  the  case  for  a  railway  bridge  girder  of  160  feet 
supporting  half  the  load  of  a  line  of  reals.     The  supporting 

Po=(w  +  uO  •  (|^-|)  =  120,000 Iba. 

The  following  table  shows  the  calculation  of  the 
stresses: — 


jf^(«+«0 

n 

H 

Lbs. 

Lbs. 

Lbc 

0,18 

69282-0 

V  iV  #^  ^^^\9f^ 

1,17 

69282-0 

69282*0  thrust 

173^" 5 

2,16 

519^1*5 

138564*0  pou 

i'!S20'S 

3J5 

519^1-5 

190525*5  thrust 

4*14 

34641  •<> 

242487*0  pull 

17320-5 

&13 

34641-0 

277128-0  thrust 

6,12 

17320-5 

31 1769-0  pull 

17320-5 

7," 

i73«o*5 

329089-5  thnut 

8,TO 

0 

346410*0  pull 

9 

0 

346410-0  thrust  (Uiddle  pieee) 

0  =  20^11 
latdoDS  of  t 

- 138564  > 


o 
3309-4 

69  28 '3 
13836-4 
23094 -o 
34641  ■» 
48497-4 

64663-j 
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The  verification  of  the  accoracj  of  the  additions  is  ^.Tealijik 
following  calculation : — 

?^  ^  -  g)  =  20784-6  X  4  =  83138-4. 

The  following  table  shows  the  combined  actions  of  the  fizsd  tfd 
rolling  loads  on  the  braces;  S'  denoting,  for  brevitj's  sake,  tie 
smaller  valae  of  S  for  the  giyen  bracOi  Throsifi  are  denoted  \>y  i, 
pulls  by  p : — 


n 

T 

S 

S' 

T  +  S 

S'-T 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

JU, 

0,17 

55425^5  P 

831384  P 

0  t 

138564-0  ;» 

1,16 

55425-6  t 

83138-4  ^ 

0  p 

138564-0  i 

2,15 

415692  p 

64663*2  p 

23094  ^ 

106232*4^9 

3,14 

41569-2  t 

64663*2  t 

23094  p 

106232-4 1 

4,13 

27712-8^ 

48497-4  p 

6928-2  t 

76210*2  p 

5," 

27712-8  t 

48497-4  < 

6928*2  p 

762x0-3  i 

6,11 

^3^5^'^  P 

3464ix>p 

138564  < 

48497-4  p 

0 

7,10 

13856-4  < 

34641*0  t 

138564 1> 

484974  < 

0 

8,9 

0 

23094-0  p 

230940  t 

23094*0  p 

23094^ 

The  accuracy  of  the  numbers  in  the  columns  headed  T+Siad 
S  —  T  may  be  checked  by  setting  down  the  former  in  direct  ordff, 
and  the  latter  in  inverted  order,  and  taking  their  second  difianMBi^ 
which  ought  to  be  constant,  and  equal  to  2  «  ««^-^N  k;  that  i% ■ 
the  present  case,  2309  *4.     The  following  is  the  process : — 


138564-0 

106232-4 

76210-2 

48497-4 
23094-0 


FintDiff: 


32331-6 
30022-2 
27712-8 

25403-4 


23094-0 


P€COPd  IKff 


2309-4 
2309-4 
2309*4 
2309-4 


It  appears  from  the  values  of  S'  —  T  that  in  the  example 
the  two  middle  braces  alone  act  alternately  as  stants  and  ties 
a  rolling  load. 

It  is  unnecessary  to  give  a  numerical  example  of  the  calcdatK** 
in  Case  L ;  for  they  differ  &om  those  in  Case  H.  only  in  haa^ 
more  simple. 

IY«  An  Iron  Lattioe  Oirdet  oonsists  essentially  of  a  psir  «f 
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will  be  the  teruion  on  the  upper  boom,  and  thmst  on  thelowerhoom 
of  a  continuous  girder,  over  the  piers,  when  its  spans  are  altenttelj 
loaded  and  unloculed;  and  the  diffhrenoe  between  tins  and  tiio 
stress  H»  already  calculated  for  any  given  bar  of  the  girder  tap- 
posed  discontinuous,  will  be  the  stress  on  that  bar  when  the  girder 
is  continuous  and  leaded  on  alternate  spans;  that  is  to  saj, 

H.-H^ (24) 

When  this  expression  is  negative  (that  is,  when  H,  is  the  greiter 
term),  the  kind  of  stress  is  reversed.  When  it  18  =  0,  itindiatei 
a  point  of  contrary  flexure.    (See  p.  795.) 

378.   Iron    Braecd    Oirden — CoBstnictioB. — L  GeMTfA  Rmnh. 

Various  iron  trusses  or  braced  girders  have  been  made,  in  irliidi 
the  struts  are  of  cast  iron  and  the  ties  of  wrought  iron,  advaatage 
being  thus  taken  of  the  greater  resistance  of  cast  iron  to  cnishiiiig 
and  of  wrought  iron  to  tearing;  but  the  greater  liahiliiy  to 
brittleness  of  cast  iron,  and  the  rapid  diminution  of  its  resstanee 
to  crushing  as  the  proportion  of  length  to  diameter  increases  (as  to 
which  see  Article  365,  p.  520),  have  led  to  the  general  employment 
of  wrought  iron  for  the  struts  as  well  as  for  the  ties»  care  being 
taken  that  the  struts  are  of  figures  suited  to  resist  a  throaty  by  having 
sufficient  lateral  stiffoess.  When  a  piece  acts  alternately  as  a  stnt 
and  as  a  tie,  it  must  have  sufficient  total  sectional  area,  and 
sufficient  stiffiiess,  to  resist  the  greatest  thrust  that  can  act^  and 
sufficient  effisctive  sectional  area  to  resist  the  greatest  tenskn 
which  can  act  along  it  The  straight  lines  of  resistance  vbicb 
connect  the  centimes  of  the  joints  with  each  other  ought  as  nearij 
as  practicable  to  coincide  with  the  centres  of  the  croas  scctiomi  i 
the  several  bars  of  the  framing,  in  order  to  prevent  unequal  straa 
(See  pajcNer  by  Mr.  0.  E.  BeiUy,  Proe.  InsL,  25th  April,  1865.) 

II.  The  Trapezoidal  TrusSy  already  treated  of  in  the  pieoe£n| 
Article,  p.  549,  and  represented  in  fig.  253,  was  used  on  an 
enormously  large  scale  by  the  second  Brunei  in  the  railway  mdtti 
over  the  Wye  at  Chepstow,  the  largest  span  of  which,  of  aboii 
300  feet,  is  crossed  by  two  parallel  and  similar  girdei'S,  of  ti» 
following  construction : — The  horizontal  strut  B  B  B  is  a  cylindnttL 
plate  iron  tube  9  feet  in  diameter,  and  |ths  of  an  inch  thick,  flti^ 
fened  by  transverse  circular  partitions  or  ''  diaphragma"  at  it* 
tervals.  It  is  supported  at  the  ends  upon  cast  iron  saddle^  lutinf 
on  cast  iron  pillars.  The  effective  depth  of  the  truss,  doBotod  hf  ' 
in  the  formulsB,  is  about  50  feet.  Each  of  the  piinc^  tk^ 
A,  F,  C,  and  of  the  diagonal  braces,  G,  6,  consists  of  a  pair  of  fla^ 
linked  chains,  attached  to  the  sides  of  the  tube,  and  somcie&tij  te 
apart  at  the  level  of  the  bottom  of  the  truss  to  leave  nxn  iat^ 
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fit.  The  joints  of  the  horizontal  tie  maj  also  be  made  hj  Mang 
and  livetting.  The  whole  structure  has  the  advantage  of  bang 
easily  carried  in  pieces  to  its  intended  site,  and  there  put  tog^her. 

If  the  platform  is  hung  below  the  girders,  lateral  stability  v  to 
be  given  to  them  bj  making  the  vertical  suspending-pieoes,  wLenbj 
the  cross  joists  are  hung  from  the  higher  joints  of  the  girders,  of  an 
I-shaped  form  of  section,  and  equal,  or  nearij  eqnal  in  stifihes,  to 
the  platform  joists.  When  the  platform  is  supported  above  tiie 
girder,  lateral  stiffness  is  to  be  given  by  the  horizontal  diagoul 
bracing  of  the  platform,  and  also  by  vertical  transvene  diagonal 
bracing  between  the  girders;  and  for  this  purpose  rods  of  from  1 
inch  to  1^  inch  in  diameter  are  in  general  sufficient.  (For  detaib 
of  various  Warren  girders,  see  Humber  On  Iron  Bridges.) 

From  the  manner  in  which  the  parts  of  a  zig-zag  ^rder  are  con- 
nected together,  it  is  evident  that  its  diagonal  strut-braces,  and  the 
several  divisions  of  its  horizontal  boom,  are  to  be  treated  as  <Mf 
hinged  <U  the  ends,     (See  Article  366,  p.  523.) 

lY.  Lattice  Girders. — The  forms  and  modes  of  construction  ap- 
plicable to  the  upper  and  lower  booms  of  the  Warren  girder  we 
also  applicable  to  those  of  the  lattice  girder.  The  diagonal  stnitr 
braces  are  made  of  any  convenient  shape  that  is  well  suited  to 
resist  thrust;  their  greatest  breadth  should  be  placed  transteftdf, 
because  in  the  longitudinal  plane  of  the  girder,  they  are  stiffened 
by  being  bolted  or  rivetted  to  the  tie-braces  at  each  intereection. 
The  holes  made  for  that  purpose  weaken  the  tie-braces,  and  are 
to  be  allowed  for  in  computing  their  strength.  In  the  Borne 
Viaduct^  the  strut  diagonals  of  the  lattice  girders  are  themselves 
formed  like  small  lattice  beams,  consisting  of  a  pair  of  T-iron  rils 
connected  together  by  small  diagonal  braces.    (See  p.  800.) 

379.  Iron  Bowstring  Oirdcra. — The  most  common  kind  of  iron 
bowstring  girder  (fig.  256)  consists  of  a  cast  or  wrought  iron  arch 
or  bow,  springing  from  two  shoes  or  sockets,  which  are  tic^ 


Fig.  256. 

together  by  a  horizontal  tie;  the  cross  joists  of  the  j^tfcna 
suspended  from  the  arch  by  vertical  suspending-pieces,  ▼WA  •* 
the  same  time  support  the  weight  of  the  tie;  and  stiffidesa  to 
a  rolling  load  is  given  by  means  of  diagonal  tie-brace& 

The  proper  figure  for  the  centre  line  or  neutral  curve  of  the 
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let  n  be  the  number  of  any  given  upright;  compute  the  value  of  tli© 
expression 


H 


{-■ 


2N 


-«"); 


if  this  is  positive,  it  gives  the  greatest  thrust  on  the  upright  ia 
question;  if  null  or  negative,  it  shows  that  the  uprigbt  never  acti 
as  a  strut 

The  greatest  tension  produced  bj  a  rolling  load  on  any  given 
diagonal  brace  is  given  by  the  expression, 


.(5.) 


«?'  Z  «    n  (n4  1) 

~l/~ '  ~02~"' 

where  «  is  the  length  of  the  given  brace,  y  the  difference  of  level  of 
its  ends,  and  n  and  n  +  1  the  numbers  of  the  uprights  betvem 
which  it  is  placed. 

Case  II. — The  girder  without  diagonal  braces.  In  thb  case 
the  action  of  a  rolling  load  must  be  resisted  by  the  stifibess  of 
the  bow.  The  greatest  stresses  on  the  tie  and  on  the  suspeadin;;* 
pieces  are  given  by  the  expressions  (1)  and  (3)  respectively;  but  the 
bow  becomes  virtually  an  arc/iecl  rib  hinged  at  the  ends,  as  to  which 
see  Article  374,  Case  III,  p.  540,  and  Article  180,  Problem  VI, 
pp.  310  to  312.  In  computing  the  quantity  C  by  equation  51  of 
the  last-mentioned  Article,  p.  310,  the  effect  of  change  of  tempos 
ature  is  not  to  be  considered,  because  the  bow  and  tie  expand 
equally;  and  the  term  denoted  by  a  E  A^  -r-  Z  in  that  equation  is  to 
be  replaced  by  u^  -i-  it*,  denoting  the  ratio  which  the  greatest  sifc 
shortening  of  the  bow  bears  to  the  greatest  safe  lengthening  of  the 
tie.     If  they  are  both  of  wrought  iron,  this  may  be  assumed  is 

approximately  =  ^, 

Case  III. — Bowstring  Suspension  Bridge. — (Fig.  257.)  In  this 
class  of  bridge,  of  which  the  greatest  example  is  that  erected  bj  tie 


Fig.  257. 


second  Brunei  over  the  Tamar  at  Saltash,  the  tie  hangs  ift  * 
catenary  curve,  and  assists  the  bow  in  supporting  the  vertiai 
pieces.  The  bow  is  a  wrought  iron  oval  tube  stiffened  by  tna^- 
vei-se  diai>hmgms;  the  tie  consists  of  a  pair  of  chains. 

In  fixing  the  proj^ortions  of  a  bridge  of  this  kind,  it  is  adrisabie 
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diagonal  stays,  one  connecting  the  horizontal  ribs  together^  and  the 
other  the  curved  riba 

It  has  already  been  stated  in  Article  37 4,  p.  540,  that  K. 
Mantion  proposes,  as  the  best  mode  of  constracting  an  iron  arch,  to 
have  hinges  at  the  crown  and  at  the  springing,  as  at  A  and  B^  ^ 
258.  The  arches  of  the  Paris  and  Creil  railway  bridge  are  hioged 
at  the  springing,  but  continuous  at  the  crown ;  those  of  the  TSmm 
bridge  are  continuous  at  the  crown,  and  have  flat  abutting  mAoa 
at  the  springing;  nevertheless,  from  the  smallness  of  those  saifwes 
as  compared  with  the  other  dimensions  of  the  arch,  it  is  probaUe 
that  the  arches  of  this  bridge  also  act  nearly  as  if  they  were  hinged 
at  the  springing. 

The  following  are  some  of  the  principal  dimensions  of  the  Pici 
and  Creil  railway  bridge : — 

The  length  of  each  semi-arch  is  divided  into  ten  equal  divisiaBi 
horizontally;  there  are  in  each  spandril  eight  vertical  and  sx 
diagonal  braces;  for  two  divisions  and  a-half  adjoining  the  crovn 
there  are  no  braces,  the  curved  and  straight  ribs  having  one  web  in 
common. 


Span  between  axis  of  bearinga,  44'^    M^M 

Riae, 4*85       1$!^ 


Depth  of  curved  rib  (=8paii  -f-  68  nearlj), o-68o  2677 

„     of  Btnught  rib, 0*300  irw 

„     of  oombioed  rib  at  crown, 0*705  27^ 

„     of  braces,  four  longest  at  each  end, 0*200  T^ 

„     of  braces,  remainder, 0*150  5*9* 

Breadth, \^  of  T-shaped  transverse  braces  of  curved   (0*150  5'9' 

Depth, /     ribs, \oxSo  yiS 

Breadth, >  of  T-shaped  truuverse  braces  of  str^e^   (0*125  4*^ 

Depth, j      ribs, iot)6o  ff 

length, )  of  semi-cylindrical  bearings  for  ends  of  (0-302  ii'|9 

Diameter, )      curved  ribs, io*200  r»7 

Length ^      *                                                        rr40  53'" 

Breadth, I  of  cast  iron  abutting-plate,  which  car-  J  itX)  3937 

(      ries  semicylindrical  bearing, )  afcoot  t^^ 

Mean  thickness,..*...  J                                                                |^t)8o  3*^5 

Areas  of  CnM»«ectloii.  laffiStt  Ifl*» 

Combined  rib  at  crown, S9«4^  ?2 

Curved  rib  in  five  divisions  adjoining  the  crown, /^  J^^  '^ 

Curved  rib— Bemainder, 35^950  SSJ 

HoHxonUIrib, {«^  *3^  g 

B«!.^ /*"     7'^  "t 

Tniuvtna  dhgOMl  «ti^ /*<^     J|^  Jjj 
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^-T^' « 

and  if  this  be  the  most  severe  way  of  loading  the  arch,  the  required 
sectional  area  at  any  given  point  of  the  arched  rib,  where  its  in- 
clination is  ij  will  be, 

^^(Ho  +  HQsec*. p,  J 

/'  being  the  safe  working  thrust  on  the  material;  or  say  iboot 
6,000  lbs.  per  square  inch. 

To  ascertain  the  effect  upon  the  curved  and  straight  ribs,  of  load* 
ing  one-half  of  the  arch  with  the  live  load,  and  leaving  the  rest 
unloaded,  either  a  geometrical  or  an  algebraical  method  mav  be 
followed.  For  the  geometrical  method,  let  A  B,  fig.  259,  be  tae 
centre  line  of  the  curved  rib,  O  L  that  of  the  straight  rib;  join 
A  B  with  a  straight  chord.  Let  X  C  M  be  any  vertical  ordiiate. 
Then  the  stress  along  the  horizontal  lib  at  X  is, 

2CX  ' ^  ' 

and  this  is  tension  when  X  is  in  the  unloaded  half  of  the  sp&o,  and 
thrust  when  it  is  in  the  loaded  half. 

The  horizontal  component  of  the  greatest  stress  arising  from  a 
rolling  load  on  half  the  span,  at  the  point  C  in  the  arched  rib, 
occurs  when  C  is  in  the  unloaded  half  of  the  rib,  and  is  as  follows :— 

and  should  this  prove  greater  than  H^,  that  is  to  say,  should  M  X 
be  greater  than  2  C  X,  the  expression  (5)  is  to  be  substituted  f« 
Hj  in  equation  3 ;  but  should  M  X  be  not  greater  than  2  C  X. 
equation  3  is  to  be  left  unaltered. 

To  find  the  point  of  greatest  horizontal  stress  in  the  unloadol 
half  of  the  beam,  produce  the  straight  lines  L  O,  B  A,  till  they 
meet  in  N,  from  which  draw  N  C  touching  the  curve  A  C  B;  ^ 
will  be  the  point  sought. 

The  algebraical  formulae  for  the  expressions  (4)  and  (5)  are  ss 
follows : — 

Let  O  A  =  a;  0  X  =  aj;  then. 


20  X    "    2(a<^^kx^)  ' ^     ^ 
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per  lb.  of  thrust ;  A^  an  assumed  approximate  sectional  area  <tf  tiie 
curved  rib;   E,  the  modulus  of  elasticity j   =p  t,  the  extrema 

I  M?  I  ^^  temperature ;  e,  the  co-efficient  of  expansion  per  degree 

(see  p.  539) ;  jp^,  the  intended  mean  intensity  of  throat  at  Hm 
crown. 

Then  calculate  a  moment  of  flexure  as  follows : — 

W  =  ^^+^'-^-^^  =  iB,  +  KO^^;  (10.) 

let  Hq  be  the  depth  of  the  rib  o^  ^  crown,  and  q^  the  value  of  9 
for  the  same  point;  then  the  corrected  sectional  area  at  the  crown 
will  be, 


1  /M"  \      Hq  +  H, 


(i 


c* 


(H-C)goAo 


+  1 


)• 


.(11.) 


When  the  horizontal  rib  of  a  braced  iron  arch  acts  also  as  a 
beam,  the  sectional  area  required  to  resist  at  once  the  direct  stresi 
and  tiie  bending  action  is  to  be  computed  according  to  the  pzindjile 
of  Article  374,  Case  III.,  equation  2,  p.  540. 

381.  iroB  Pien.^ — An  iron  pier  for  supporting  arches  or  gudefs 
may  consist  of  any  convenient  number  of  hollow  cylindrical  piUan» 
either  vertical  or  raking,  each  pillar  being  made  of  pieces  of  a 
convenient  length,  turned  or  planed  at  the  ends,  and  united  hj  a 
projection  and  socket,  and  also  by  flanges  or  lugs  and  bolti,  as 
explained  in  Article  365,  p.  521,  and  the  several  pillars  beiog 
connected  together  by  horizontal  and  diagonal  braces.  For  the 
method  of  determining  the  stress  on  each  pillar  and  brace,  see 
Article  348,  pp  484,  485.  Each  length  of  a  piBir 
between  a  pair  of  braced  points  may  be  considered  as 
a  strut  hinged  cU  the  ends,  and  its  strength  computed 
accordingly.     (See  Article  365,  p.  52i)b 

As  an  example  of  piers  constnicted  in  this  manoery 
may  be  taken  those  of  the  Orumlin  Yiaduct  (fig.  ^^  F 
494),  in  which  the  greatest  height  of  the  rails  above  the 
valley  is  about  200  feet.  Each  pier  consists  of  ibnitecn 
cast  iron  columns,  in  lengths  of  17  feet^  with  an  mi* 
form  external  diameter  of  12  inches,  and  a  thidnesi  of 
metal  ranging  from  one  inch  at  the  base  to  J  inch  attlie 
top.  The  two  centre  columns  are  vertical ;  the  reDaflft- 
der  rake  in  such  a  manner  that  while  the  bajse  of  the  highest  fkt 
measures  60  feet  by  27,  the  top  of  each  pier  measiu«8  30  h(f  1&   Ua 


Fig.  260. 
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external,  and  have  each  12  bolts  of  1  inch  diameter;  for  tbe 
part  below  ground,  they  are  internal,  and  have  each  10  bolts;  um! 
the  diameter  above-mentioned  has  been  adopted  as  the  least  iHiid) 
"will  easily  admit  of  a  workman*s  going  inside  to  fasten  the  bolti  of 
the  internal  flanges.  In  foundations  in  earth  the  lowest  length 
foiins  a  screw-pile,  with  a  screw  4  feet  6  inches  in  diameter,  bj 
means  of  which  the  pillar  is  screwed  from  20  to  45  feet  into  tke 
ground  according  to  the  softness  of  the  material.  Further  meDtkn 
of  such  piles  will  be  made  in  a  subsequent  chapter,  under  tlie  hetd 
of  "  Timber  and  Iron  Foundations."  When  the  ground  consists  of 
rock,  each  pillar  is  inserted  into  a  cylindrical  hole  about  2  feet  deep, 
and  fixed  there  with  cement.  The  three  vertical  pillars  stand  at 
distances  of  14  feet  from,  centre  to  centre.  The  horizontal  braces 
are  of  T-iron,  of  a  sectional  area  between  5  and  6  square  inches;  the 
diagonal  braces  are  of  angle  iron,  of  a  sectional  area  between  3  tod 
4  inches ;  each  brace  is  fastened  to  lugs  on  the  pillars,  and  tightened 
at  one  end  by  a  gib  and  cotter. 

The  piers  just  described  have  lateral  stiffness  sufficient  to 
withstand  a  current^  if  free  from  floating  ice  apd  large  trees; 
but  they  are  not  adapted  to  bear  the  thrust  of  an  arch,  unless  it  be 
one  of  very  small  size.  The  superstnicture  of  the  bridges  in  vhich 
they  are  used  consists  of  Warren  girdeiu 

In  some  lately  ei-ected  bridges,  the  cast  iron  columns  which  form 
the  piers  are  cylinders  of  7  feet,  9  feet,  10  feet,  and  upwards,  in 
diameter,  and  from  1  to  2  inches  thick,  filled  with  concrete  or  ^i:h 
rubble  masonry.  The  mode  of  sinking  such  cylinders  wifl  be 
described  under  the  head  of  *^  Timber  and  Iron  Foundationi" 
They  are  capable  of  withstanding  a  considerable  thrust  from  m 
arch. 

For  example,  in  the  Theiss  bridge,  mentioned  in  Article  380, 
p.  565,  each  pier  consists  of  two  cylinders,  side  by  side : — 

The  diameter  of  each  cylinder  is  3  metres,  or  9*843  feet 

The  thickness, about  1-38   incL 

The  depth  of  the  springing  of  the  arches  ) 

below  the  centre  line  of  the  horizontal  )-     Y'  =  18*93   feet. 

ribs, I 

The  height  of  the  springing  of  the  arches  i      v       /:  /--t 

above  the  base  of  the  pier, f      ^  =  ^5'4     J«^ 

The  greatest  thrust  against  a  column  oc- ' 

curs  when  one  of  the  arches  springing 

from  it  is  fully  loaded,  and  the  other  •     P  =  368,000  IbsL 

unloaded;  in  this  case  the  vertical  load 

on  one  colwmn  is, 

Arid  the  excess  of  the  throst  of  the  }      „       ^         «_ 

loaded  over  that  of  the  unloaded  arch,  /      "^  =  ^^^^^  "* 


57i  UAIERIALS  AND  STRUCTURES. 

cross-section  sufficient  to  bear  safely  the  greatest  working 

horizontal  tension  H. 
C,  the  weight  of  a  half-span  of  the  chain  of  uniform  Bedion, 
C,  the  weight  of  a  fMlf-gpan  of  the  chain  of  untform  drrn^; 

then, 

C  =  C  •  (1+  1^  aearly. (1.) 

c"  =  c.(i  +  *^ <^) 

The  error  of  the  first  formula  is  in  excess,  and  does  not  exceed 
l-3000th  part  in  any  case  of  common  occurrence  in  practioe. 
The  value  of  C  in  the  above  formulae  may  be  taken  as  follows:-' 

For  wire  cables  of  the  best  kind,  C  =  j^^J (^O 

For  cable-iron  links,  C  =  ^tv^^; (^) 

o\)\}\) 

it  being  understood  that  the  last  formula  gives  the  nH  weight  onh ; 
in  other  words,  the  weight  exclusive  of  the  additional  materia  in 
the  eyes  and  pins  by  which  the  links  are  connected  together. 

About  one-dglUh  may  be  added  to  the  net  weight  of  the  dttin^ 
for  eyes  and  fastenings.* 

As  to  the  structure  and  mode  of  connection  of  flat-linked  chaxmi 
and  wire  cables,  see  Article  364,  Divisions  III.,  V.,  pp.  519,  520. 

The  smallest  number  of  chains  or  cables  in  a  suspension  bridge  b 
two,  one  to  support  each  side  of  the  roadway.  In  other  cases  that 
are  from  two  to  four  parallel  sets  of  chains,  each  consisting  of  two 
or  more  chains  in  the  same  vertical  plane.  For  example,  in  the 
Menai  Bridge,  there  are  sixteen  chains,  in  four  seta  of  four. 

The  equal  distribution  of  the  load  amongst  a  set  of  dudns  vhicii 
hang  in  one  vertical  plane  may  be  effected  in  different  ways ;  one 
being  to  distribute  the  suspension-rods  equally  amongst  than.  Ia 
order  that  this  plan  may  be  effective,  all  the  chains  should  be  d 

*  A  great  improvement  in  the  manufacture  of  ban  for  bridge  dudni,  itttmtoei  ^ 
Messrs.  U  o ward  and  RavenhiU,  consists  in  a  process  of  rolling  them  with  i 
on  their  ends,  so  that  the  e^-es  can  be  made  without  forging  or  wdding. 

Here  may  be  mentioned  the  test  applied  by  Mr.  Page  to  the  ban  used  for  thi  < 
of  Chelsea  Suspension  Bridge  (which  test  has  been  omitted  from  Ita  proper  place  is 
Article  857).  Each  bar  was  subjected  to  a  tenaion  of  the  intcostj  of  ISj  lQv(« 
80,240  lbs.)  per  square  inch;  and  if,  after  the  remoTal  of  the  atrem*  the  kogth  <f  ^ 
bar  was  found  to  be  permanenUy  increased  by  more  than  1 -400th  Inch  per  fBOt(« 
l-4800th),  it  was  rejected.  The  ultimate  tenadtv  of  ban  which  withrtooA  thii  ^ 
was  found  to  be  31  uma,  or  69,440  lbs.  per  sqoaie'hidL 
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plane,  about  a  Horizontal  axis,  so  as  to  lean  sligbtlj  inwards  or  mit- 
wavds  as  the  distribution  of  the  load  varies. 

Mr.  P.  W.  Barlow  has  proposed,  in  order  to  diminish  or  prerent 
the  disfigurement  of  a  suspension  bridge  of  many  bays,  when  ooe 
bay  is  loaded  and  the  adjoining  bays  unloaded,  that  the  ends  of  the 
chains  of  each  bay  should  be  made  fast  to  the  top  of  a  wrought  iron 
pier,  constructed  like  a  plate  girder  set  on  end,  and  having  streDgtk 
and  stability  sufficient  to  resist  the  excess  of  horizontal  tensioo  in 
the  loaded  bay  above  that  in  the  unloaded  bay. 

Let  t(/  denote  the  greatest  travdling  load  per  foot  of  span; 

X,  the  half-span  of  a  bay; 

y,  the  depression  of  each  chain ; 

then  the  excess  of  horizontal  tension  in  question  is 


H'  = 


.{5.) 


and  this  being  multiplied  by  the  depth  of  any  given  horizontal 
section  of  the  pier  below  the  point  of  attachment  of  the  chains, 
gives  the  bending  moment  at  that  section.  The  vertical  stress 
produced  by  that  moment,  compressive  at  one  side  of  the  pier  and 
tensile  at  the  other,  is  combined  with  the  compressive  vertical 
stress  produced  by  the  total  load,  whose  amount  is  as  follows:— 

Let  w  be  the  fixed  load,  per  foot  of  span ; 

W",  the  weight  of  the  pier  itself,  above  the  given  horiaontal 
section;  then  the  load  is 


P  =  W"  +  (2w  +  «7')^ 


.(&) 


As  to  the  combined  action  of  the  load  and  bending  moment,  see 

Article  381,  p.  57L 
IV.  AbiUTnerUs — Anclwring  CJuiins. — ^The  term  "Abutment"  is 

applied  to    those    masses,    whether  of   masonry    or   of  natnrtl 

rock,  to  which  the  extreme  enui 
of  the  chains  are  made  fast,  asd  br 
whose  stability  the  tension  of  the 
chains  is  resisted.  For  examH*- 
in  ^g.  262  (which  bears  a  genenl 
likeness  to  an  abutment  of  thj 
late  Hungerford  Bridge), »  P^  * 
chains  enter  an  opening  in  «* 
abutment  at  A,  in  a  direttia 
nearly   horizontal.      At  B  theff 

direction  is  changed  to  one  more  steeply  inclined,  by  thesidrf* 

saddle,  which  presses  against  the  masonry  in  fiint  of  it    ^ 


Fig.  262. 
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tbe  bridge  causes  the  extent  and  the  consequent  straining  dkd  of 
the  oscillations  to  go  on  continually  increasing;  so  that  a  long 
series  of  successive  impulses  of  very  small  amount,  oocnrting  &t 
regular  intervals,  may  be  sufficient  to  endanger  or  destroy  a  w 
strong  suspension  bridge.  Such  is  known  to  be  the  effect  <rf  ti« 
regular  tread  of  soldiers  in  marching ;  and,  therefore,  whea  Afiy 
approach  a  suspension  bridge,  they  must  be  instructed  to  break  into 
an  irregular  step. 

Storms  of  wind  cause  oscillations,  both  vertical  and  horixontal, 
which  have  sometimes  proved  very  destructive. 

Although  the  oscillation  of  suspension  bridges  cannot  be  wboJlr 
prevented,  it  may  be  very  efficiently  checked  by  means  of  a  sfsteoi 
of  oblique  stays,  which  may  either  be  external  to  the  fiameworf:  of 
the  bridge,  or  be  contained  within  it. 

As  an  example  of  a  mixed  system  of  external  and  internal  stan 
may  be  taken  that  of  the  Niagara  Suspension  Bridge.  In  it  there 
are  120  stays,  which  may  be  described  as  "guy-ropes;"  thqr  are 
iron  ropes,  each  of  a  sectional  area  which  is  about  l-200th  part  of  the 
joint  sectional  area  of  the  four  main  cables;  some  of  them  extend 
obliquely  downwards  from  the  saddles  on  the  top  of  the  piers  to  the 
platforms ;  others  extend  obliquely  downwards  and  sideways  from 
the  lower  platform  to  various  points  of  the  rocks  on  which  the  piew 
stand.  The  upper,  or  railway  platform,  and  the  lower,  or  road  jJat- 
form,  constitute  respectively  the  top  and  bottom  of  a  tubular  lattiee 
girder  24  feet  broad  and  18  feet  deep,  with  timber  booms  aE<i 
uprights  diagonally  braced  both  horizontally  and  Teitically  "with 
iron.     (See  fig.  265,  p.  581.) 

Every  well-constnicted  suspension  bridge  has  its  platform  stif- 
fened horizontally  by  diagonal  bracing;  as  to  the  action  of  which, 
see  Article  336,  p.  467.  Vertical  diagonal  bracing  is  very  geneawlly 
used  to  give  vertical  stiffness:  this  will  be  considered  more  in 
detail  further  on. 

In  order  to  stiffen  two  suspension  bridges  in  the  Isle  of  Botnto, 
the  elder  Brunei  tied  the  platforms  down  to  a  set  of  inverted  chams 
(called  "counter-chains")  whose  total  sectional  area  is  about  one- 
third  of  that  of  the  main  chains. 

Suspension  bridges  with  sloping  rods  are  stiffer  than  those  with 
vertical  rods. 

VI.  Bracing  to  resist  a  heavy  Travelling  Load. — Various  methoih 
have  been  proposed,  and  partially  tried,  to  enable  a  sospenao* 
bridge  to  resist  the  action  of  a  heavy  traveUing  load,  such  tf  * 
railway  train,  without  undergoing  more  disfigurement  than  a  girte 
In  order  to  make  such  methods  effect  their  purpose  completdy » 
bridges  of  several  bays,  the  chains  must  be  made  &st  to  pie** " 
sufficient  strength  and  stability,  as  described  in  p.  576, 
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Fig.  283. 
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piece  of  the  girder  must  be  capable  of  acting  alternately  as  a  stnzt 
and  as  a  tie,  under  equal  and  opposite  stresses 

If  the  girder  is  not  hinged,  but  continuous,  at  the  middle  of  the 
span,  it  should  be  made  capable  of  bearing  a  bending  action  vhaee 
moment  is 

M  =  *<^; (D.) 

and  not  to  go  into  unnecessary  nicety  of  calculation,  the  crossr 
section  capable  of  resisting  that  moment  may  be  continued  oni- 
fonnly  throughout  the  middle  Judfof  the  stiffening  girder.* 

(2.)  By  Diagonally-Braced  Pairs  o/CIiairu. — ^This  system  is  repre- 
sented in  fig.  264.  In  order  that  the  two  chains  may  be  affected 
alike  by  the  expansive  action  of  heat,  their  curvatures  should  be 
equal ;  in  other  words,  their  vertical  distance  apart  should  be  the 
same  throughout  the  whole  span.     If  that  veiidcal  distance  be 


Fig.  2C4. 

made  equal  to  Tialf  tJie  depression  of  each  chain,  no  additioosl 
material  will  be  required  in  the  chains  beyond  what  is  necessary  io 
support  a  travelling  load  over  the  whole  span.  The  diag^sal 
braces  should  be  capable  of  acting  as  struts  and  ties  alteraatehr, 
r.uder  stresses  computed  as  for  an  auxiliary  girder.  Mateml 
would  be  saved  by  this  mode  of  stiffening,  as  compared  with  the 
auxiliary  girder;  but  it  would  probably  be  less  efficient  and 
durable,  as  the  alteration  of  the  curvature  of  the  chains  by  heat 
and  cold  would  tend  to  strain  and  loosen  the  joints  of  the  braces. 

(3.)  By  Diagonal  Bracing  heticeen  ike  Cludns  and  Piaf/om. — 
Tliis  case  is  to  be  treated  as  a  braced  iron  arch  inverted,  with  the 
action  of  each  force  reversed;  so  that  the  formulae  of  Article 
380,  pp.  567  to  570,  and  of  Article  379,  equations  3,  4,  5, 
pp.  563,  564,  may  be  applied.  This  method  of  stiffening  will 
not  be  efficient,  unless  the  weight  of  the  platform  bears  such  a  pro- 
]»ortion  to  the  rolling  load  as  to  prevent  any  suspendin<5-rod  fn»m 
being  subjected  to  thrust;  and  that  such  may  be  the  case,  the 
result  of  equation  4,  p.  564,  should  be  negative,  or  nothing,  ftw  each 
such  rod.     It  is  also  open  to  the  same  objections  with  method  (i) 

•  See,  on  tliis  qnestion,  the  Civii  Engineer  and  ArehifecU*  Jownal  for  S«f«»*» 
and  December,  18C0;  abo,  A  SJaaual  oJ'AjjpUed  Mechmia,  accood  editwn,  p>  »7» 
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(4)  Sy  Tmuion  RQ>i. — Mr.  E.  A.  Cowper  lias  proposed  to  use, 
instead  c^  flexible  chains  or  cables,  stiff  wrought  iron  ribs,  liko 
inserted  arches. 

The  theory  of  the  action  of  the  load  on  such  "tension  ribs"  is 
pronselr  the  same  as  in  the  case  of  ordinary  arched  ribs  {stu 
Article  374,  p.  537),  except  that  every  force  is  reversed,  tension 


Fig.  IC5— [Siagam  Falli  BriJga,  from  i  Photograph.] 

being  aiibatitutcd  for  thruHt,  and  tlirust  for  tension  (if  any).  In 
order  to  annul  the  straining  action  of  tbe  yit'lding  of  the  piers,  and  of 
changes  of  central  deflection  and  temperature,  those  riba  should  bo 
hinged  at  the  middle  and  at  the  points  of  supiiort;  in  which  caso 
all  the  foi-midat  of  Article  374,  Ciise  IV.,  p.  541,  become  applicablo 
to  tbem,  with  the  modification  stated  above. 

(5.)  By  Straight  ifaiit  Chains,  with  Auxiliary  Suspension. — In 
Mr.  Ordish's  form  of  suspension  bridge,  the  side  girders  which  carry 
tbe  platform  are  supported  at  intervals  by  straight  main  chains, 
which  run  directly  to  the  saddles  at  the  tops  of  the  piers.     To 

J  reserve  the  approximate  straightness  of  the  main  chains,  they  are 
QDg  at  interrals  from  a  pair  of  auxiliary  chains  of  the  catenarian 
form,  which  have  no  duty,  except  to  support  the  main  chains.    See 
The  Engineer,  November  and  Dewmber,  1868,  pp.  343  and  3S0. 
(See  p.  7DS.) 
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The  following  are  some  examples  of  values  of  L : — 

For  tubnlar  bridges,  not  continuous;  the  depth 
about    1-1 6th    of   the    span    (as  the  Conway      L 
Bridge);  the  effective  section  two-thirds  of  the     Feet 
whole  iron, 614 

For  tubular  bridges,  mean  depth  about  1-1 6th  of 
the  span,  continuous  over  piers ;  Z  in  the  formulas 
denoting  the  span  of  the  greater  or  intermediate 
bays  (as  the  Britannia  Bridge), 760 

Warren  girder  bridges,  not  continuous,  with  cast 
iron  struts;  depth  about  l-15th  of  the  span,  ....      670 

"Warren  girder  bridges,  not  continuous,  with  the 
frame  entirely  of  wrought  iron;  depth  about 
1-lOth  of  the  span, 900 

Iron  arched  bridges ;  rise  about  l-9th  of  the  span,      6^0 

Wire  cable  suspension  bridge;  the  depression 
1-1 4th  of  the  span;  the  cables  4-lOths  of  the 
weight  of  the  superstructure;  ultimate  tenacity 
of  the  wire  90,000  lbs.  per  square  inch  (as 
Niagara  Falls  Bridge), ; 2000 

In  designing  railway  bridges,  W'  is  in  general  assumed  to  be 
one  ton,  or  2,240  lbs.  per  lineal  foot  of  a  single  line;  For  bridgts 
not  can-ying  railways,  the  most  severe  moving  load  may  be  as- 
sumed to  be  that  of  a  closely  packed  crowd,  as  stated  in  Article 
336,  p.  466;  that  is,  120  lbs.  per  square  foot  of  platform,  so  that  in 
such  cases, 

W'  =  120  lbs.  X  breadth  of  platform  in  feet 

For  a  bridge  with  two  platforms,  one  carrying  a  road  and  tie 
other  a  I'ailway,  those  two  loads  are  to  be  combined. 

Section  Y. — 0/  Vcmoua  Metals  and  AUo^ 

384.  licad  is  used  in  engineering  works  as  a  covering  for  rooH 
(as  to  which,  see  Article  337,  p.  468),  as  a  material  to  festen  ii»= 
cramps  into  masonry,  by  filling  up  the  cavities  between  them,  ani 
sometimes  as  a  means  of  distributing  the  pressure  on  the  beds  o(s3Vi\- 
stones  (as  to  which,  see  Article  277,  p.  414).  AlS  to  its  tenadty  acJ 
heaviness,  see  the  tables  at  the  end  of  the  volume.  It  melts  at  1 
temperature  of  about  630°  Fahrenheit     When  a  fresh  8wAc»  <^ 
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which  they  contain,  up  to  a  proportion  which  gives  the  maxmum 
of  hardness. 

In  order  that  bronze  may  be  of  good  quality,  aa  regards  aonnef 
of  the  figure  of  castings,  soundness,  and  strength,  a  general  principle^ 
applicable  to  all  alloys,  should  be  observed  in  its  composition,-^ 
quantities  of  the  ingredients  should  bear  definite  atomic  propartiaBS 
to  each  other.  When  this  rule  is  not  observed,  the  metal  prodttfied 
is  not  a  homogeneous  compound,  but  a  mixture  of  two  or  moie 
different  compounds  in  irregular  masses,  shown  by  a  mottled 
appearance  of  the  castings  when  broken ;  and  these  masses  being  dif* 
ferent  in  expansibility  and  elasticity,  tend  to  separate  fipom  mA 
other. 

The  following  is  a  list  of  some  of  the  principal  alloys  of  copper 
and  tin,  in  which  the  chemical  equivalents  of  those  m^aJs  in 
assumed  to  be  respectively, 

Copper, 63s 

Tin, ii8- 

Composition. 
By  Atoms.         By  Weight 
Copper.    Tin.    Copper.    Tin. 

r Bell-metal :  hard  and  brittle:  contnets 
6         I      381       118  <      in  cooling    from    its    melting  p<xnt^ 

(      l-63d. 
14  I     889       118     Hard  bronze. 

/:         T    T/^  r       T  Q /Bronze,  or  gun-metal:  contracts  ID  oobKag 
10         I    loio       ii«j     from  its  melting  point,  M30ih. 
18         I    1143       118     Softer  bronze. 

As  the  table  of  tenacity  at  the  end  shows,  bronse,  or  gon-metil} 
is  twice  as  tenacious  as  good  ordinaiy  cast  iron,  and  as  t^uuaoiB  tf 
copper  in  bolts,  while  at  the  same  time  it  is  harder  than  coppff* 
It  is  much  used  in  machinery.  Lead  is  sometimes  present  in 
it  as  an  adulteration,  and  is  very  injurious  to  its  strength  and 
durability.*     (See  p.  803.) 

389.  BraM,  properly  speaking,  is  the  general  name  of  the  allors 
of  copper  with  zinc  They  are  weaker  than  copper  or  bronie,  b«t 
are  useful  from  their  fusibility  and  ductility.  The  following  tf  & 
table  of  the  principal  alloys  of  copper  and  zinc,  in  which  tte 
chemical  equivalents  assigned  to  those  metals  are, 

Copper, 635 

Zinc, 6^-2 

*  For  information  as  to  the  alloys  of  copper,  tin,  rinc,  and  lead,  see  a  pspff  iBiht 
MmehetUr  Memoin  for  1860,  bv  Mr.  Craoe  Calmt  and  ICr.  JohMeiL 
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CHAPTER  VL 

OP  YABIOUS  USDERGBOUND  AND  SUBMERGED  BIBUCTUBEa. 

Section  L — Of  Tunnds. 

390.  Tannels  !■  OeaeraL — ^As  tunnelsy  compared  vith  open  ex- 
cavations, are  an  expensive  and  tedious  class  of  works,  and  as  thev 
form  inconvenient  portions  of  a  line  of  communication,  the  engineer 
should  study  to  avoid  the  necessity  for  them  as  &r  as  possible; 
As  to  the  setting  out  of  tunnels,  see  Article  70,  p.  Ill 
The  nature  of  the  strata  through  which  a  proposed  tunnel  h  to 
pass  should  be  carefully  ascertained,  not  only  by  uieans  of  borinrs 
and  shafts,  but  in  some  cases  also  by  means  of  horizontal  or  ncarlr 
horizontal  mines  or  drijlsy  along  the  intended  course  of  the  tonnd 
Shafts  and  drifts  will  be  further  described  in  the  ensuing  articles. 

The  most  favourable  material  for  tunnelling  is  rock  ^t  is  sound 
and  durable  without  being  very  hard.  Great  hardness  of  the 
material  increases  the  time  and  cost  of  tunnelling,  but  gives  rise  ta 
no  special  difficulty.  A  worse  class  of  materials  are  those  which 
decay  and  soften  by  the  action  of  air  and  moisture,  as  some  dap 
do ;  and  the  worst  are  those  which  are  constantly  soft  and  sateatai 
with  water,  such  as  quicksand  and  mud. 

In  choosing  the  site  of  a  tunnel,  regard  should  be  had,  not  onlf 
to  the  nature  of  the  material,  and  to  the  shortness  and  directness  of 
the  tunnel,  but  to  the  facility  for  getting  access  to  its  course  at 
intermediate  points  by  means  of  shafts  and  drifts. 

The  engineer  should,  as  far  as  possible,  avoid  curved  tunnels, 
especially  those  in  which  the  curvature  is  so  sharp  or  so  extena^* 
as  to  prevent  daylight  from  being  seen  through  from  end  to  end 

As  to  the  figures  of  tunnels  whidi  requae 
a  lining  of  brickwork  or  masonry  to  ^^^ 
fragments  of  rock  from  falling  firom  tiie  iw* 
or  to  sustain  the  pressure  of  earth,  and  a3  to 
the  strength  and  stability  of  that  lining,  see 
Article  297  a,  pp.  433  to  435.  Kjg.  266  is » 
example  of  the  eUiptic  form  described  in  tfa*» 
article,  with  an  inverted  arch  E  C  E  «*  ^* 
floor.  The  parts  F  G,  G  F,  of  Ae  huse. 
Fig.  266.  which  directly  bear  the  side-walls  and  ^^ 
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the  best  of  bis  judgment,  sink  sucb  shafts  as  are  neoessaiy  in  order 
to  give  him  an  accurate  knowledge  of  the  strata  to  be  exctTsbei 

II.  Working  Shafts  may  be  either  rectangular  or  round.  Hwp 
usual  transverse  dimensions  range  from  6  feet  to  9  feet;  the  gnater 
diameter  is  advantageous,  because  of  its  admitting  of  large  quuititxs 
of  material  being  raised  and  lowered  at  a  time.  Their  distance 
apart  varies,  in  ordinary  cases,  from  50  to  300  yard&  In  tmt 
cases,  however,  it  has  been  found  necessary  to  place  them  as  dose  as  10 
or  30  yards  apart,  for  the  purpose  of  dischaiging  foul  air;  'wfailein 
other  cases  the  height  of  the  ridge  to  be  tunnelled  throng  lias 
rendered  the  sinking  of  shafts  impracticable  for  very  lon^  dif* 
tances.  An  extreme  example  of  the  last  case  is  the  tunnel  oov 
completed  through  Mont  Cenis,  which  is  7'59  miles  long,  vd 
which  has  been  excavated  entirely  from  the  two  ends,  withoot 
the  aid  of  shafts. 

The  range  of  working  shafts  of  a  tunnel  may  lie  either  along  itt 
centre  line,  or  in  a  line  parallel  to  the  centre  line,  at  an  unifom 
distance  to  one  side.  When  the  latter  system  is  adopted,  the 
object  is  to  keep  the  shafts  clear  of  the  excavation  and  building  d 
the  tunnel,  with  which  they  are  connected  by  cross  drift& 

When  a  working  shaft  is  to  be  used  in  order  to  drain  the  tnuMl 
of  water  as  the  work  proceeds,  it  is  sunk  to  such  a  depth  below  the 
bottom  of  the  excavation  as  to  form  a  sufficient  reserx'oir  for  mter, 
called  a  "  sump,"  from  which  the  water  is  raised  by  a  windlass  and 
buckets,  or  by  a  pump.  The  most  convenient  form  of  backet » 
one  that  is  hung  in  a  stirrup  by  a  pair  of  trunnions  whose  asii 
nearly  traverses  the  centre  of  gravity  of  the  bucket  Wto 
lowered,  the  bucket  is  held  upright  by  a  catch ;  and  after  it  has  ben 
raised,  the  removal  of  the  catch  allows  it  to  be  easily  tilted  over,  ia 
order  to  discharge  the  water. 

III.  Permanent  Shafts  are  in  general  working  shafts  that  faaT« 
been  made  permanent  parts  of  the  structure,  the  brick  lining  cf 
each  being  supported  on  a  permanent  curb,  or  suitably  formed  liog 
of  brickwork,  or  of  cast  iron,  surrounding  a  circular  orifice  in  the 
roof  of  the  tunnel.  The  top  of  each  shail  is  protected  by  beisg 
surrounded  with  a  wall,  and  covered  with  a  grating. 

Permanent  shafts  are  occasionally  met  with  of  a  diameter  la 
great  as,  or  greater  than,  that  of  the  tunnel.  For  exampk^  the 
shafts  at  the  ends  of  the  Thames  tunnel  are  dO  feet  in  diameter; 
the  tunnel  itself  consisting  of  a  pair  of  archways,  each  14  M 
in  clear  width,  and  the  entire  width  of  passages  and  bockwiXK 
being  37^  feet 

IV.  Sinking  Shafts  in  sound  rock  is  performed  simply  hy  »• 
operations   of   blasting  and   quarrying,   as  already  descriW  • 

'  rticle  207,   p.    344.     In  order  to  be  safe  from  the  effecta  « 
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their  lower  ends  abutting  againet  a  "/oot-block"  at  Ajimdtiar 

upper  ends  agaiust  the  lowest  setting,  so  aa  to  give  it  a  ten^ooij 

Buj>port     The  pit  is  then  enlai^ed  to  the  dimenaioas  <A  the  )bA 

above;  vertical  poling  boards  are  set  up  ipisit 

its  sides,  with  tbeir  tipper  ends  behind  Uk  ttn- 

porarily  euppoi'ted  squ&re  setting,  and  their  lont 

ends  behiud  a  new  square  setting,  laid  on  the  bM- 

torn  of  the  excavation;  vertical  props  are  iiunW 

between  those  settings,  and  made  fa^;  the  nking 

props   and  their  foot-blocks  are  taken  aws;ri  * 

new  small  pit  is  dug,  and  so  on  as  bdbte.    Cne 

should  be  taken  that    the  earth   presses  firnlf 

against  the  poling  boards.      Should    stresmg  ff 

water  come  in  through  the  chinks  between  tiu 

boards,  the  tendency  of  those  streams  to  carry  witi 

j\_  them  particles  of  sand,  and  so  to  leave  cavitia  in 

Fig.  S69.  the  earth,  may  be  counteracted  by  stuffing  itnv 

behind  the  boards. 

TI.  Sinking  Stone  or  Briek-lined    Shaftt  (which  are  usnilbf 

cylindrical)  may  be  effected  in  two  ways;  by  " ttnderpuoMg' or 

by  a  "  drum-curb.^' 

To  sink  a  shaft  by  v/nderpinning,  it  is  first  dug  as  deep  is  tbt 
earth  will  stand  vertical.  At  the  bottom  of  tiie  excavation  ia  W» 
"  curb;"  that  ia,  a  flat  ring,  whose  internal  diameter  is  equal  to  the 
intended  clear  diameter  of  the  shaft,  and  its  breadth  equal  to  Ih* 
thickness  of  the  brickwork  (usually  9  inches).  It  is  made  of  oak  <* 
elm  planks  3  or  4  iuches  thick,  «ither  in  one  layer  fished  at  the 
joints  with  iron,  or  in  two  layers  breaking  joint,  and  sjaked  or 
GCrewed  together.  On  this,  to  line  the  first  diviaoa  of  the  diaf^  * 
cylinder  of  biickwoi'k  is  built  ia  hydraulic  mortar  or  cemait  !■ 
the  centre  of  the  floor  is  dug  a  small  pit,  as  described  in  J)ina<* 
V.  of  this  article,  at  the  bottom  of  which  a  platform  and  foot-blod* 
support  laking  props,  which  are  inserted  to  give  temporary  so;^Mn 
to  the  curb  with  ita  load  of  brickwork ;  the  pit  is  enlarged  to  th* 
diameter  of  the  shaft  above;  on  the  bottom  of  the  excavstiMii* 
Ifiid  a  new  curb,  oa  which  is  built  a  new  division  of  the  brickmfc. 
giving  permanent  support  to  the  upper  curb ;  the  raking  props  iwl 
their foot-blocka are  removed;  a  new  pit  is  dug,  and  so  on  as  bdote. 
Care  should  be  taken  tliat  the  earth  is  firmly  packed  behind  ibe 
brickwork,  and  that  the  shaft  is  carried  down  truly  vertical 

A  Drum  Curb  (fig.  270),  whicji  may  be  made  of  timber  or  of  £•* 
ii-on,  consists  essentially  of  a  flat  ring  for  supporting  the  brickw«kp 
and  of  a  vertical  hollow  cylinder  or  drum,  of  the  same  ootsde 
diameter  as  the  brickwork,  supporting  the  ring  on  its  upper  edge,saJ 
bevelled  to  a  sharp  edge  below.     The  drum  maj  be  streng^Moed 
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The  part  of  tlie  shaft  ihua  temporarily  supported  is  gnenlly 
lined  with  brick;  the  part  below  ttie  temporary  sapport  is  lined 
with  timber,  wluch  ia  removed  in  the  course  of  the  exavnAxk 
ofthetumaeL 

392.  DriAs,  miitca,  or  Headiaga,  are  small  horizontal  or  mdnei 
imderground  passages,  made  in  order  to  explore  the  strata  in  the 
line  of  an  intended  tunnel,  to  drain  off  water,  and  to  £Euahtate  tiis 
Tanging  of  the  line  and  levels  and  setting  out  of  the  woiIb  (m 
Article  70,  p.  114),  the  access  of  the  workmen,  and  the  tianspoft 
of  materials;  and  for  the  last-mentioned  purpose  they  axe  often 
furnished  with  small  temporary  railways. 

L  FosUions  of  Frincipal  Headings. — The  working  shafts  of  a 
tunnel  are  almost  always  connected  together  by  means  of  aheftA- 
ing,  which  accordingly  runs  either  along  or  parallel  to  the  oeotn 
line  of  the  tunnel.  In  some  cases  the  heading  runs  along  the 
centre  line,  while  the  working  shafts  lie  at  one  side^  and  axe  oon* 
nected  with  the  main  heading  by  cross  headings. 

When  a  tunnel  runs  through  a  steep  hill,  near  or  parallel  to  one 
of  the  sides  of  the  hill,  cross  headings  opening  above  ground  at  tha 
hillside  may  be  used  instead  of  working  shafts;  but  sncfa  eaaea 
seldom  occur. 

In  timnelling  through  soft  and  wet  ground  the  most  convenieBt 
level  for  the  principal  heading  is  at  or  near  the  bottom  of  the 
tunneL  In  hard  and  diy  materials  it  may  be  placed  near  the  ioo£ 
Other  positions  will  be  mentioned  farther  on. 

IL  The  least  Dimensions  of  a  Heading  in  which  minos  can  eon- 
veniently  work  are  about  3  feet  broad  and  4^  or  5  feet  high. 

IIL  Headings  in  Solid  Rock  are  driven  by  bkating  and  qnaxiy- 
ing,  as  to  which,  see  Article  207,  p.  344. 

Machinery  luts  been  used  for  driving  headings.  The  noit 
remarkable  is  that  employed  at  the  tunnel  now  completed  throng^ 
Mont  Oenis  (see  p.  590).  It  consists  of  a  number  of  horiacmtal 
lumpers,  driven  at  the  rate  of  about  250  blows  per  minute^  ^ 
means  of  air  compressed  to  five  atmospheres,  ana  conveyed  iatn 
the  mine  through  pipes.  The  air  is  supplied  and  oompxesBed  If 
hydraulic  machinery  near  the  outer  end  of  the  mine.  As  in 
jumping  by  hand,  each  jumper  makes  a  portion  of  a  torn  after  cneli 
blow.  By  the  use  of  from  nine  to  eleven  jumpers,  each  drivon  far 
its  own  air-Ksylinder  for  6  or  8  hours,  about  80  holes  of  fioa  H 
to  3  feet  long,  and  almost  all  about  ItV  u^ch  diameter,  are  made  ia 
the  &oe  o£  rock  at  the  end  of  the  mine;  those  holes  are  then  vtd 
for  blasting  by  gunpowder;  and  the  average  progreas  made  tt 
about  1^  yard  per  day  of  a  heading  about  ten  feet  aquara.  1^ 
air  used  to  drive  the  machines  ventilates  the  mine.  (Sea  (M 
Aigineer  and  Architect  Journal,  Oetober,  1868,  jt  384.) 
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of  a  day*s  work  to  three  days*  work  of  a  miner  per  cubic  yard  of  rock, 
aocordmg  to  its  hardness^  being  oonsidezably  more  than  is  rei|uind 
in  the  open  air. 

The  following  data,  on  the  authority  of  Becker,  show  the  do* 
tribution  per  cent  of  the  cost  of  excavating  a  railway  tannd  in 
Jura  limestone,  which  required  l'lt>  days*  work  of  a  mioa  \» 
excavate  each  cubic  yard : — 

Workmen's  wages, 45  per  cent 

Blasting  powder, 15         „ 

Fuses, 3        „ 

Lampoil, 8        „ 

Boring  tools, 29        „ 

This  tunnel  advanced  at  the  rate  of  about  a  foot  per  day. 

394.  TwiMeis  la  Drr  FiMwed  B«ck  require  brick  or  stone  vAr 
ing  within,  to  guard  against  the  fiEtll  of  portions  of  the  roof  Hm 
most  convenient  way  to  make  them  is  in  general  to  commence  at  i 
heading  running  along  close  below  the  roof  of  the  excairatioa;  to 
extend  the  excavation  sideways  and  downwards  to  the  floor  it 
each  side  of  the  tunnel,  leaving  a  wall  of  rock  standing  in  the 
middle.  This  wall  is  used  as  a  pier  to  support  temporary  profS 
(should  such  be  required)  for  the  roof  of  the  excavation,  and  also  to 
support  the  centres  for  the  arching,  which  is  carried  tonm^  tf 
dose  behind  the  excavation  as  the  convenience  of  workiug  ^iH 
admit  When  the  arching  is  complete,  and  the  centres  atnux,  the 
central  wall  of  rock  is  cut  away. 

All  hollows  between  the  brickwork  and  the  rock  should  be  cu^ 
fully  filled  with  concrete. 

The  labour  of  executing  brickwork  in  tunnels  (including  cost  of 
lights)  is  about  double  of  that  of  executing  the  same  quality  of 
brickwork  above  ground. 

395.  Tanaeb  la  Soft  Maimriaia,  whether such as are  soft  from^ 
first,  or  such  as  become  soft  by  exposure  to  air  and  moisture,  13^ 
some  kinds  of  clay,  require  timbering  to  support  the  aides  and  top 
of  the  excavation,  constructed  on  the  same  principles  with  that  of 
headings. 

In  such  tunnels  a  principal  heading  is  in  general  required  at  tk 
level  of  the  floor,  for  purposes  of  drainage. 

The  excavation  of  the  tunnel  is  carried  on  in  vaiioas  ways;  tlift 
which  will  here  be  desei-ibed  is  the  method  of  which  a  detuM 
account  is  given  by  l&x.  Simms  in  his  Pradical  TtuamBms^  ^ 
having  been  practised  at  Blechingley  tunnel  and  Saltwood  tuv; 
the  former  in  blue  shale,  and  the  latter  in  sand. 
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G,  a  strong  eOl  {saj  13  inches  square},  sent  down  in  twopeoei 
and  scarfed  together.  It  extends  completely  across  the  excsntion, 
and  1^  or  2  feet  into  the  earth  at  each  side;  and  at  first  resto  on 
the  eartL 

D,  props  inserted  so  as  to  rest  on  the  sill  C  and  support  the 
bars  A.     Places  are  now  cut  to  receive 

E,  struts^  2  or  3  in  number,  10  inches  in  diameter,  or  therabouts, 
whose  forward  ends  abut  against  the  sill  C,  and  their  hacbwd 
ends  in  side  lengths  against  the  timbering  of  the  shafts  and  it 
other  lengths  against  notches  in  the  completed  bridcwoik. 

The  excavation  being  bj  degrees  carried  down,  thera  are  in- 
eerted — 

F,  raking  props  below  the  sill  C,  standing  on  foot-blo(^  ud 
covered  in  fix>nt  with  poling  boards.  When  the  excava;tioD  bia 
been  carried  down  to  the  level  of  the  foot-blocks,  there  is  inserted— 

G,  a  lower  sill,  similar  to  O;  and  this  is  nltimatelj  sui^xited 
and  kept  in  its  place  by  struts  I  and  raking  props  K,  in  the  aaine 
manner  with  0. 

L  is  part  of  the  bottom  heading. 

The  bottom  of  the  excavation  is  formed  with  great  aoenney  to 
receive  the  invert,  or  inverted  arch,  which  forms  the  base  of  tbe 
brickwork,  the  levels  being  set  out  as  described  in  Article  70, 
p.  116.  The  invert  and  side  walls  are  built  according  to  moulds,  ts 
described  in  Article  252,  p.  392;  and  the  arch  of  the  roof  upon 
centres,  consisting  of  three  ribs  under  each  length.  The  bert 
centres  have  ribs  of  iron,  with  screws  under  each  laggin.  The 
centres  are  usually  supported  on  cross  sills,  which  are  themaehres 
supported  partly  by  posts  resting  on  the  floor,  and  partly  by  their 
ends  being  inserted  into  holes  in  the  side  walls,  which  are  haSlX  up 
after  the  centres  are  struck. 

After  the  bnckwork  of  a  length  has  been  buOt,  most  of  tlie 
crown  bars  which  lie  above  the  arch  can  be  pulled  forward  so  as  to 
serve  for  the  next  length;  those  which  resist  this  must  be  IdL 
All  spaces  between  the  brickwork  and  the  earth  most  be  carefioOy 
rammed  up. 

The  following  was  the  distribution  of  the  cost  of  Bledmogky 
tunnely  according  to  Mr.  Simma : — 

Materials.  Ptr  Cot 

Bricks, 30^ 

Cement, 11 

Timber, iii 

Ironwork, ^X 

Miscellaneous, 6j 

Carried  forward, .,  —         62 
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«qual  and  siinilar  diviaions  standing  Tertical]  j  side  bj  ^oAt,  and 
capable  of  being  pushed  forward  to  a  short  distance  independently 
of  each  other.     Each  division  consisted  of  a  cast  and  wtoa^i  ixoa 
frame  about  3  feet  broad  (to  allow  a  small  space  between  tbe 
frames),  containing  three  stages  for  workmeou    It  had  two  cast  iron 
feet,  resting  on  the  floor  of  elm  planks;  on  these  feet  it  was  sap- 
ported  by  a  pair  of  hinged  legs  of  lengths  adjustable  by  screws  It 
nad  an  iron  roof  extending  back  to  the  brickwork,  and  a  pair  of 
jack-screws  at  the  top  and  bottom,  abutting  against  the  front  end 
of  the  brickwork,  to  push  it  forward.    The  several  frames  were  con- 
nected together  by  hinged  arms,  nearly  vertical,  to  enable  them  to 
afford  support  to  each  other  when  required.     The  spaces  at  eadi  side 
of  the  shield,  extending  back  from  the  &ce  of  the  excavation  to  the 
brickwork,  were  guarded  by  iron  plates.     Each  frame  had  in  front 
of  it,  extending  i^m  top  to  bottom,  a  range  of  poling  boards;  eack 
poling  board  was  3  inches  thick  and  6  inches  broad,  and  via 
pressed  against  the  material  in  front  by  a  pair  of  small  jack-soewa 
abutting  against  the  frame. 

The  following  is  an  outline  of  the  process  of  excavation  with 
this  apparatus : — Take  out  the  uppermost  poling  board  in  front  d 
a  frame,  cut  away  about  3  inches  of  the  stuff  in  fronts  replace  the 
poling  board,  with  its  screws  now  abutting,  not  against  tiie  frame 
directly  behind  it,  but  against  the  two  frames  at  each  side  of  that; 
screw  it  forward  till  it  again  presses  against  the  earth.  Proceed  in 
this  way  till  the  whole  range  of  poling  boards  have  been  advanced 
three  inches,  their  screws  abutting  against  the  two  frames  at  each 
side  of  their  proper  frame;  shorten  the  legs  of  the  latter  frame  so 
as  to  lift  its  feet,  and  advance  them ;  then  push  forward  the  frame 
six  inches  by  means  of  its  large  abutting  screws :  it  is  supposed  to 
have  been  previously  three  inches  behind  the  adjoining  frames,  and 
is  now  three  inches  in  advance  of  them.  Hepeat  the  whok 
operation  of  advancing  the  poling  boards,  restoring  their  screws  to 
their  proper  frame.  This  entire  operation  having  been  peiformed  on 
six  alternate  frames  at  the  same  time,  the  same  operation  is  per 
formed  on  the  other  six  alternate  frames,  and  so  on  until  the  whole 
shield  has  been  advanced  far  enough  to  admit  of  a  new  ring  of  bii^- 
work  being  builtw  In  order  to  advance  the  brickwork  behind  a 
given  frame  of  the  shield,  the  poling  boards  of  that  frame  nnv^ 
have  their  screws  abutted  against  the  adjoining  frame,  so  that  the 
great  abutting  screws  may  be  removed  from  the  front  of  the  part  c£ 
the  brickwork  which  is  in  progress. 

The  shafts  at  the  two  ends  of  the  tunnel  have  been  mentioMd 
in  Article  391,  p.  590.  The  Eotherhithe  shaft  was  sunk  38  feci 
on  a  drum-curb,  and  about  as  much  farther  by  underpinniog;  the 
Wapping  shaft  was  sunk  to  its  whole  depth,  72  feet,  on  a  drum-cnA 
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side  walls  about  8  feet  thick  and  20^  feet  high;  the  inveit  it 
question  consists  of  a  series  of  trough-shaped  cast  iron  girden,  Ijiog 
close  together  side  hy  ode,  and  bolted  to  each  other  thioo^  ^dr 
vertical  sides;  each  of  them  is  2  feet  broad,  21  inches  deepattbe 
springing,  12  inches  deep  at  the  centre  of  the  inTert^  and  2  mches 
thick ;  each  of  their  vertical  sides  has  a  flat  horizontal  flange  at  the 
top,  4  inches  broad.  The  trough-shaped  interior  of  each  girder  ii 
filled  with  concrete,  covered  with  a  layer  of  bricks  laid  in  cement 

401.  Short  Piles  are  driven  in  order  to  compress  and  consolidite 
the  soil  They  are  usually  of  round  timber,  from  6  to  9  indies  in 
diameter,  and  from  6  to  12  feet  long,  and  are  planted  as  dose  to 
each  other  as  is  practicable  without  causing  the  driving  of  cue  pil« 
to  make  the  others  rise.  The  outside  row  of  piles  should  be  driTca 
first,  then  the  next  within,  and  so  on  to  the  centre.  The  maas  of 
consolidated  soil  and  piles  thus  produced  may  be  regarded,  u 
respects  the  relation  between  its  bulk  and  the  load  that  it  can  hear, 
in  the  same  light  as  if  a  trench  had  been  dug  of  the  same  volume 
and  filled  with  a  stable  material ;  as  to  which,  see  Article  833, 
p.  381.  On  the  top  of  the  piles  may  be  placed  either  a  platfonD,a 
layer  of  concrete,  or  both. 

402.  B«ariB«  piiM  act  as  pillars,  each  supporting  its  share  of  tiie 
weight  of  the  building.  They  may  either  be  driven  throng  the 
fiofb  stratum  until  they  reach  a  firm  stratum  and  penetrate  a  aibaii 
distance  into  it ;  or,  if  that  be  impracticable,  they  may  be  supported 
wholly  by  the  friction  of  the  soft  stratum.  It  appears  from  practiol 
examples  that  the  limits  of  the  safe  load  on  piles  are  as  fouo1ra^^ 

Eor  piles  driven  till  they  reach  the  firm  groond,  1,000  Iba.  per 

square  inch  of  area  of  head. 
For  piles  standing  in  soft  ground  by  friction,  200  IbcL  per  aqoan 

inch  of  area  of  head. 

The  diameters  of  long  piles  range  fix)m  9  inches  to  18  inches»aiid 
4Bhould  never  be  less  than  l-20th  of  the  lengtL  Their  distance  6tiia 
centre  to  centre  averages  about  3  feet,  and  is  seldom  less  than  2^  feet 

The  best  material  for  them  is  elm,  which  should  be  dkQsen  as 
straight-grained  as  possible.  The  bark  should  be  remoTedy  and 
knots  or  rough  projections  smoothed  off. 

Piles  should  be  driven  with  the  butt  or  natural  lower  end  of  tk 
timber  downwards.  It  is  roughly  sharpened  to  a  point  "wiham 
length  is  from  1  j  times  to  twice  its  diameter;  and  should  stoneB  or 
other  hard  materials  occur  in  the  strata  to  be  pierced,  the  poiit 
must  be  fitted  with  a  "  shoe'*  of  cast  or  wrought  iron,  fiurtened  oa 
with  spikes.  The  weight  of  these  shoes  averages  about  l-lOOth  put 
of  that  of  the  piles. 

To  prevent  the  bead  of  a  pile  from  being  split  or  bmiaBd  fcgr  tb 
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Piles  are  drawn,  when  required^  by  means  of  tihe  bydnuilie 
press. 

When  a  firm  stratum,  into  which  the  points  of  a  set  of  piles  tre 
driven,  underlies  a  stratum  so  soft  that  their  lateral  stabilitf  ii 
doubtful,  a  mass  of  loose  stones  may  be  thrown  in  round  them  to 
give  them  the  steadiness  which  they  want. 

After  the  driving  of  a  set  of  piles  has  been  completed,  tkir 
heads  are  to  be  sawn  off  to  the  height  required  for  the  soppoit  of 
the  platform. 

The  soft  ground  round  the  tops  of  the  piles  is  then  to  he  aeooped 
out  to  a  depth  which  in  ordinary  cases  ranges  firom  3  to  $  feet,  ud 
the  space  filled  with  hydraulic  concrete,  laid  in  layers  not  exeeiedin 
1  foot  deep. 

The  platform  supported  by  the  piles  consists  of  a  gratiDg  dt 
beams  of  10  or  12  inches  square,  called  string-ptaces  and  enwa^MM* 
half-notched  into  each  other  over  the  heads  of  the  piles^  to  vhieh 
they  are  fixed  by  treenails,  and  covered  with  planking  3  or  4  indiei 
thick.  The  spaces  between  the  beams  of  the  grating  are  tD  1m 
filled  with  hydraulic  concrete.  The  beams  on  the  top  d  the  (rata* 
most  rows  of  piles  are  usually  made  so  deep  that  their  iqiper 
surfaces  are  flush  with  that  of  the  planking,  which  is  raibeUd  into 
them ;  that  is,  sunk  in  a  groov&  Those  beams  are  in  this  cisb 
called  the  capping. 

Piles  may  be  driven  into  rock  by  first  jumping  holes  in  it  of  s 
little  less  diameter  than  the  piles. 

For  cast  iron  piles,  the  best  form  is  that  of  a  tube.  To  prerent 
their  being  broken  by  the  blows  of  the  ram  in  driving  them,  a 

Let  ^y  be  the  weight  of  the  nm. 
k,  the  height  from  which  it  fallSi 

T,  the  depth  through  which  the  pile  is  driven  br  the  iati  bkv. 
P,  the  greatest  load  it  will  bear  without  sinking  fiirther. 
S,  the  sectional  area  of  the  pile. 
A  its  length. 
£,  its  modulus  of  elastidtj. 

Then  the  energy  of  the  blow  is  thus  employed:-— 

W  A  a  (employed  in  oompressmg  the  pile)  +  V  9  (empioyed  In  dririig  i()i 

and  consequently, 

SES« 


^    /AeSW*      4E*S««»\ 


Piles  are  usually  driven  until  P,  as  computed  by  this  fennnla,  is  bs(«e«  S|Mi 
and  8,000  lbs.  per  square  inch  of  the  area  S;  and  as  their  worinqg  load  nogsiiM 
200  to  1,000  lbs.  per  square  inch,  the  factor  of  safety  against  sinkii^^  isfross  $  ti  1^ 
The  factor  of  safety  against  direct  crushing  of  the  timber  abovld  ao(  be  las  A*  li» 
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Thej  are  of  any  breadth  that  can  readily  be  procoied,  and  from  S} 
to  10  inches  thick,  and  are  sharpened  at  the  lower  end  tou  edge^ 
which,  in  stony  ground,  may  be  shod  with  sheet-iron. 

When  a  space  is  to  be  enclosed  with  sheet-piling,  a  range  of  ^iiUb- 
pilea  is  first  driven,  being  long  rectangular  piles  at  regular  inter- 
vals apart  of  firom  6  to  10  feet :  these  are  driven  to  the  same  deftk 
as  bearing-piles.  To  the  opposite  sides  of  these,  near  the  top^  are 
notched  or  bolted  a  pair  of  parallel  etring-piaoes  or  vxUes:  thoe  an 
horizontal  beams,  from  5  to  10  inches  square,  notched  on  the  gaid^ 
piles  to  such  a  depth  as  leave  a  space  between  them  of  a  widtii  eqvl 
to  the  thickness  of  the  sheet-piles.  If  the  sheet-piles  are  to  stoni 
more  than  8  or  10  feet  above  the  ground,  a  second  pair  of  wslesii 
required  near  the  level  of  the  ground. 

The  sheet-piles  are  driven  between  the  wales  to  about  balf  ths 
depth  of  the  guide-piles,  beginning  with  the  shee^piles  nexi  the 
guide-piles,  and  working  towards  the  middle  of  each  qiace  betvecn 
a  pair  of  guide-piles ;  so  that  the  last  or  central  sheet-pile  actets  a 
wedge  to  tighten  the  whole. 

In  iron  sheet-piling  the  guide-piles  may  be  either  tubular,  or  of  a 
form  of  section  like  a  trough-girder  set  on  end  (fig.  240,  pi  52ify 
The  sheet-piles  are  also  like  trough-girders  set  on  end,  being  plstee 
stiffened  by  vertical  ribs  on  the  inner  side.  Their  side  edges  are  so 
formed  as  to  make  over-lapping  joints,  and  their  lower  edgpi  are 
wedge-shaped. 

For  example,  in  the  foundations  of  Chelsea  Bridge,  the  eui  inn 
guide-piles  are  tubular,  flat  on  the  outer  side,  semi-<7lindi3cal  on 
the  inner  side,  12  inches  in  external  diameter,  and  1  inch  thi^ 
and  are  27  feet  long;  the  sheet-piles  are  cast  iron  plate^  10  feet 
long,  from  6  to  7  feet  broad,  and  1  inch  thick,  stifiTened  by  rtA 
cal  ribs,  which  are  from  4  to  6  inches  deep,  and  from  10  to  20  indKi 
apart,  and  by  one  horizontal  rib  of  about  the  same  dimenranna  ae^ 
the  upper  edge. 

405.  TlmlMrMid  li«Hh«aMdl  C«Bcr«C«  T— Jiwfla—      Tu  fiiondar 

tions  of  this  class  the  building  rests  on  a  mass  of  ooncrete  (as  to  tha 
strength  and  dimensions  of  which,  see  Article  239,  pp.  381,  363)^ 
that  mass  being  cased  with  sheet-piling  of  timber  or  iioiiy  mth  at 
that  described  in  the  preceding  article. 

The  sheet-pile  casing  is  constructed  first,  and  is  sufficieatly  hsaorit 
transversely  and  diagonally,  to  enable  it  to  resist  the  pteaaox*  at 
which  it  may  be  exposed,  whether  of  water  and  mud  ficom 
or  of  concrete,  while  in  the  soft  state,  from  within.     The  soft 
terial  within  the  casing  is  then  scooped  outb 

The  concrete  should  be  that  described  in  Art  230,  pt  37i^aB 
•irang  hydraulic  concrete,  or  "betan,"  and  should  be  laid  in  hsnn  <f 
About  afoot  thi(^  each  layer  being  either  wdi  xamiDed  or  t^toMI 
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From  these  data  it  appears  that  the  volume  of  air  sqiplte^ 
measured  at  the  ordinary  atmospheric  preasurey  was  from  100  to 
120  cubic  feet  per  minute.  It  appears  that  the  number  of  penans 
"within  the  cylinder  at  one  time  was  from  six  to  eight 

The  cylinder  consists  of  lengths  of  about  9  feet^  united  bjinierDal 
flanges  and  bolts.  The  joints  are  cemented  and  made  air4igbi 
with  a  well-known  composition^  consisting  of 

Iron  turnings, i^ooo  parts  by  wdgki 

Sal-ammoniac, lo    „  „ 

flour  of  sulphur, 2     „  » 

Water  enough  to  dissolve  the  sal-ammoniac 

In  some  examples  each  joint  is  made  tight  by  means  of  a  va^ 
shaped  cord  of  vulcanized  indian  rubber^  lodged  in  a  pair  of  groorv 
on  the  faces  of  the  flanges. 

The  lowest  length,  A,  of  the  cylinder,  has  its  lower  ed^ 
sharpened,  that  it  may  sink  the  more  readily  into  the  gronod 
The  intermediate  lengths,  B,  B,  and  the  uppermost  length,  C,  Iwve 
flanges  at  both  edges,  upper  and  lower.  The  portion  D,  at  the 
top,  forms  the  "  belL'*  The  lower  edge  of  the  bell  has  an  internal 
flange  by  which  it  is  bolted  to  the  cylinder  below ;  its  upper  end 
is  closed,  and  may  be  either  dome-shaped,  or  flat,  and  streDgthened 
against  the  pressure  of  the  air  within  by  transverse  libs,  ss  in  ^ 
figure.  In  the  example  shown  the  bell  is  made  of  wrought  iron 
boiler  plates. 

E  is  a  siphon,  2  or  3  inches  in  diameter,  through  wfaidi  tiM 
water  is  discharged  by  the  pressure  of  the  compressed  air. 

F  and  G  are  two  cast  iron  boxes,  called  "  air-locks,**  by  mesas  <€ 
which  men  and  materials  pass  in  and  out.  Each  of  tiiem  has  at  the 
top  a  trap  door,  or  lid  opening  downwards  from  the  external  air,  and 
at  one  side,  a  door  opening  towards  the  interior  of  the  bell,  nd  h 
provided  with  stop  cocks  communicating  with  the  external  air  and 
with  the  interior  of  the  bell  respectively,  which  can  be  opened  and 
closed  by  persons  either  within  the  bell,  within  the  box,  or  oofcnda 
of  both.     These  may  be  called  the  escape  cock  and  the  miiqily  oodb 

The  bell  is  provided  with  a  supply  pipe  and  valve  nr  iatro- 
dncing  compressed  air,  a  safety  valve,  a  pressure  gange,  and  a  laige 
escape  valve  for  discharging  the  oompreased  air  saddeofy  wha 
required. 

At  the  lower  flange  of  the  division  C  is  a  timber  platfom,  oa 
which  stands  a  windlass^ 

The  apparatus  is  represented  as  working  in  a  stratam  of  eai^  or 
mud,  covered  with  water. 

The  operation  of  sinking  a  cylinder  ia  analogous  to  Umi  of  sak- 
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im-corb.  (Article  39] 
the  lowest  leogth  A  o 

as  many  intermediate 
)r  two  above  the  t*^ 
I  bolted  bother.  Tl 
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compreeaed  air  at  tlu 

the  side  door  and  pa 

is  as  follows: — Sboul 
t ;  should  the  supply-e 
led  with  compre^ed  ai 
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scape-cock;  when  the 
the  trap-door  and  pas 
o)  descend  by  a  ladde 
lig  away  the  earth  iron 

are  raised  by  a  set  ■ 
sent  through  the  air 
mal  windlass,  not  shov 
,tion  has  been  carried 
linder,  the  miners  can 
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J;  the  great  supply- vi 
ed,  80  that  the  whole  c 
being  deprived  of  the 
)ressed  air  against  the 
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great  escape-valve  is 
d  the  operation  goes 
t  on  an  additional  lenj 
ire  within  and  without 
ell,  putting  on  a  new  1 

becomes  an  intemiedi 
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an  example,  each  cy 


no  MMTKMiJM  Jkin>  BncocnnuBi 

^gBBgB  of  nine  men  voridng  six  boure  at  a  time ;  and  tiie  euih  (i 
and  clay)  was  removed  at  the  rate  of  15  backetB,  eadi  oontiiiiing 
H)9  of  a  cubic  yard^  per  horn* ;  that  ia, 

25  X  '09  =  1*35  cable  yard  per  bour,  by  nine  m«m; 
or  *T5  cubic  yard  per  man  per  bour; 
or  6^  boura  of  one  man  per  cubic  yard. 

The  total  volume  of  earth  which  baa  to  be  removed  ranges,  •»> 
cording  to  the  atiffiiefia  of  the  material,  from  once  to  three  timet  tka 
volume  formed  by  multiplying  together  the  secticmal  area  of  tha 
cylinder  and  the  depth  to  which  it  is  sunk.    (See  p.  79L) 

Care  must  be  taken  to  keep  the  cylinder  upright  as  it  deaoeod% 
by  means  of  stays. 

When  the  sinking  of  the  cylinder  has  been  completed,  it  ii  fiUei 
with  masonry,  or  with  hydraulic  concrete;  as  to  which,  see  Artida 
405,  p.  606.  About  one-half  of  the  building  is  performed  in  tka 
compressed  air;  the  remainder,  with  the  cylinder  open  at  the  ta||^ 
the  bell  being  removed. 

Care  should  be  taken  to  pack  the  ooncrete  or  masoniy  vdl 
below,  and  to  bed  it  firmly  above^  each  of  the  pairs  of  inlenal 
flanges. 

In  very  soft  materials  it  is  sometimes  necesaazy  to  drive  a  aek  of 
bearing  piles  in  the  interior  of  each  cylinder,  in  order  to  sofipoci 
the  concrete  and  masonry. 

The  earliest  mode  of  sinking  iron  tubular  fouudatiaDa  was  thai 
iuvented  by  Dr.  Potts,  in  which  the  air  is  exhometed  by  a  pump  bam 
the  interior  of  the  tube,  which  is  forced  down  by  the  praaaaie  of 
the  atmosphere  on  its  closed  top.  This  method  is  well  suited  kt 
sinking  tubes  in  soft  materials  that  are  free  fix>m  obstacles  whick 
the  edge  of  the  tube  cannot  cut  through  or  force  aside,  such  as  ]aig» 
stones,  roots,  pieces  of  timber,  dc&* 

407.  FoMndaU«Hs  mm&»  hj  w«ii««iakiM«  are  in  some  veqMli 
analogous  to  iron  tubular  foundations.  They  are  suitable  for  a  soft 
and  wet  stratum  with  a  firm  stratum  below  it  They  are  made  by 
sinking  a  sufficient  number  of  cylindrical  stone  or  brick-liitfi 
shafts,  each  on  a  drum-curb  (aee  Article  391,  p.  5921  through  ifaa 
soft  stratum,  until  the  firm  stratum  is  reached.     These  shaftaan 


*  The  method  of  sinking  C3r1inden  bj  tbe  aid  of  compwed  air  im  iovctfri 
about  1641  by  M.  Trig«r.  It  was  first  nMd  on  a  great  oeala  a  few  vean  aterm^ 
hj  Mr.  Hughes,  at  the  bridge  over  the  Medway  at  Rocfaaster,  axscotsd  Am  ^ 
designs  of  Sir  William  CabitC,  by  Measra.  Fox,  Heodenon,  &  Oo^ 

It  was  at  first  intended  that  the  tubes  should  be  sunk  by  the  exhansdrs  pmoH 
but  the  remains  of  an  old  timber  bridge,  imbedded  in  the  mud  at  the  bottSBrfAa 
tiver,  lendevsd  tliat  impnoticahle;  and  the  oompicalw  proooi  mm  %hm 
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id  with  coal  tar,  and 
iy  are  to  form  part; 
(See  p.  801.) 
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which  a  foimdatioi 
3  materials  priucipal 
He,  as  to  which  last, 
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p.  344.  Hydraulic  concrete  abo  is  occasionally  used,  as  to  vliidi, 
see  Article  230,  p.  374. 

'  L  Clay  Dams. — In  still  water  of  a  depth  not  exceeding  3  or  4 
feet,  and  on  moderately  firm  ground,  a  day  puddle  embankment 
forms  a  sufficient  dam;  care  being  taken,  before  commendng  it,  to 
dig  a  trench  for  its  foundation,  so  as  to  remove  loose  and  poroo 
inaterial  from  the  surface  of  the  ground. 

II.  Coffer  Dams, — In  greater  depths,  the  essential  pact  of  sa 
ordinaiy  dam  consists  of  two  parallel  rows  of  main  piles  and  sheet 
piles  (see  Article  404,  p.  605),  enclosing  between  them  a  veilaal 
wall  of  clay  puddle,  The  upper  wales  of  the  two  rows  of  pfles  are 
tied  together  by  cross  beams,  which  support  a  stage  of  planlring  fix 
the  use  of  the  workmen.  The  main  piles  in  one  row  are  £n>m  4  to 
5  feet  apart  The  ground  is  excavated  between  the  rows  of  abert 
piles  until  a  sufficiently  firm  bottom  is  reached,  and  the  pnddk 
rammed  in  layers. 

The  common  rule  for  the  thickness  of  a  coffer  dam  is  to  makBil 
equal  to  the  height  above  ground,  if  the  height  does  not  exceed  ten 
feet;  and  for  greater  heights,  to  add  to  ten  feet  one-third  of  tike 
excess  of  the  height  above  ten  feet 

When  the  height  exceeds  twelve  or  fifteen  feet,  or  theceaboota^ 
three,  and  sometimes  four  or  more,  parallel  rows  of  sheet  jHliog  an 
driven,  thus  dividing  the  thickness  of  the  dam  into  two,  three,  or 
more  equal  divisions,  each  of  six  feet  thick,  or  thereaboata;  tiie 
outermost  division  is  made  of  the  full  height,  and  the  heights  of  the 
inner  divisions  are  made  less,  so  as  to  form  a  series  of  steps. 

It  appears  from  expeiience  that  a  thickness  of  &om  two  to  five 
feet  of  clay  puddle  is  sufficient  to  make  a  coffer  dam  water4i^; 
the  additional  thickness  given  by  the  rules  above  mentiaDed  is 
required  for  stability,  and  the  more  so  that  the  timber  fnunevock 
cannot  be  stiffened  inside  by  diagonal  braces  between  the  rows  of 
girder  piles ;  for  such  braces  would  conduct  streams  of  water  akog 
their  sides  through  the  puddle. 

Another  mode  of  obtaining  stability  is  to  make  the  dam  sisipif 
of  sufficient  thickness  to  exclude  the  water,  and  to  sui^xnt  it  fion 
within  against  the  pressure  of  the  water  by  means  of  sloping 
struts,  abutting  at  their  upper  ends  against  the  main  piles  of  the 
inner  face  of  the  dam,  and  at  their  lower  ends,  in  soft  ground, 
against  piles  driven  for  that  purpose,  and  in  hard  ground,  again^ 
ifoot-blocks. 

Let  b  be  the  breadth,  in  feet,  of  the  division  of  the  damsoataiari 
by  one  such  strut. 

X,  the  depth  of  water, 
w,  the  weight  of  a  cubic  foot  of  water^ 
being  62-4  lbs.  for  fresh,  and  64  lbs.  for  salt  water. 
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iha  bottom;  two  rows  of  main  piles,  running  respectivdj along  tlo 
outer  i^nd  inner  ieuces  of  the  enclosure  of  caissons,  are  now  to  bo 
lowered  vertically  side  by  side  until  their  lower  ends  rest  finnly 
on  the  bottom,  and  bolted  in  that  position  to  the  ddes  of  the 
caissons;  the  loading  of  the  caissons,  by  means  of  stones  or  oiher 
heavy  materials,  and  by  admitting  water,  is  now  to  be  proceeded  with, 
until  either  the  whole  or  a  considerable  part  of  their  weight  rests 
on  the  main  pile&     A  framework  is  thus  formed,  resting  od  the 
bottom  by  means  of  the  main  piles.     A  third  row  of  piles,  or  podi, 
suitably  framed  to  the  inner  row  of  main  piles,  is  now  to  be  set  vp 
parallel  to  and  within  them;  and  between  these  two  rows,  the  dam, 
properly  speaking,  is  to  be  formed  in  the  manner  already  described, 
with  two  linings  of  planks  and  a  puddle  walL     When  the  dam  is 
removed,  because  of  the  foundation  or  other  work  within  it  being 
finished,  or  because  the  work  is  to  be  interrupted,  the  caissonB  are 
to  be  unloaded  and  pumped  dry,  and  floated  away,  so  as  to  be 
available  at  a  future  time  for  the  resumption  of  the  same  work,  or 
the  execution  of  another,  as  the  case  may  b& 

As  to  dams  of  this  class,  see  Mr.  Hodges's  account  of  tfafi  Vioboria 
Bridge. 

Caissons,  or  boats,  capable  of  being  floated  and  grounded  at  will, 
as  above  described,  axe  suitable  where  it  is  necessary,  not  to  make 
a  water-tight  dam,  but  meroly  to  obtain  protection  fh>m  a  conait 
that  would  otherwise  impede  or  injure  the  work.  (See  Steveoaoa 
On  American  MngineeriTig,  Chapter  VIII.) 

lY.  Crib-Work  Dams  aro  used  whero  timber  is  abundant  aad 
cheap.  Crib- work  consists  of  a  series  of  layers  of  logs,  laid  altenialelj 
lengthwise  and  crosswise,  notched  and  pinned  to  each  other  at  ibor 
intersections :  the  distance  apart  of  the  logs  in  each  layer  is  three  or 
four  times  their  diameter.  A  skeleton  frame  of  any  required 
dimensions  having  been  formed  in  this  manner,  is  floated  to  itt 
intended  site,  and  there  loaded  with  stones  laid  upon  pktibcnf 
supported  by  some  of  the  upper  layers  of  logs,  until  it  sinks.  li 
can  then  be  used  in  the  same  manner  and  for  the  same  porpoecs  as 
the  caisson  dams  of  Division  IIL  (On  the  subject  of  crib-wock,  see 
Stevenson  On  American  Engineering;  Hodges  oa  the  Viekm 
Bridge) 

V.  Wicker^Work  Dome  will  be  mentioned  further  on. 

410.    KzcATattog    mMer    Watcrt    Ita«dsiiis»   wid    KUMlla0< — Tl^ 

oesses  have  already  been  described  by  which  excavations  aie  nada 
under  the  water-level  by  the  aid  of  some  apparatus  for  ezdndiig 
the  water  fixxm  the  site  of  the  excavation,  such  as  iron  ^indan 
filled  with  compressed  air  (Articde  406,  p.  607),  or  coffer  ium 
(Article  409,  p.  612).  The  present  article  relates  to  Uie  makiag  d 
such,  excavationa  by  toola  or  Tn^nl^ftnigin^  without  exdudiQg  tte 
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.  Stevenson,  a  steam 
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hone-power  will,  under  favourable  circumstances,  raise  abcrai  140 
tons  of  stuff  per  hour  (that  is,  about  100  or  110  cubic  yards);  umI 
the  cost  ranges  from  an  amount  nearly  equal  to  that  of  exxsn&n 
in  similar  material  on  land  (say  about  8d.  per  cubic  yatd  for  aund 
and  gravel)  to  about  half  that  amount  (or  neurly  4d.).  In  geoenl, 
the  larger  and  more  powerful  the  machine,  the  less  is  the  cost  oC 
dredging.    (See  pp.  796,  797.) 

lY.  Bkuting  Mock  in  shallow  water  is  nearly  similar  to  the 
flame  operation  on  land,  as  to  which  see  Article  207,  p.  344.  In 
general,  proportionately  more  powder  must  be  used  than  on  land; 
for  under  water,  it  is  desirable  to  shiver  the  rock  into  pieces  tbit 
can  be  removed  by  dredging.  In  a  good  example  of  such  opeia1aoi». 
described  by  Mr.  Edwards  in  the  Proceedings  of  the  IfuL  pfCi^ 
Engineers^  vol.  lY.,  the  weight  of  rock  loosened  was  about  hetveai 
d.000  and  6,000  times  that  of  the  powder  exploded. 

In  deep  water,  the  diving  bell  must  be  used  in  preparing  tiis 
blasts. 

Y.  Removing  Large  SUmes, — ^Boulders  and  blocks  of  stone  wliidt 
are  too  large  to  be  lifted  by  the  dredging  machine  may  either  be 
split  or  blasted  into  smaller  pieces,  or  may  be  attached,  with  the 
aid  of  diving  apparatus,  by  means  of  a  lewis  (Article  251,  pL  391]^ 
to  a  boat,  and  so  lifted  and  carried  away. 

411.  DiTias  AFpanuM  (I.)  for  a  single  diver  consists  easentislly 
of  a  metallic  Iidmet,  usually  spherical,  and  made  of  copper,  endosing 
the  diver*s  head  and  resting  on  his  Moulders,  connected  at  its  btsa 
with  an  air  and  water-tight  dress,  provided  with  a  long  fleziUs 
tube  and  valve,  opening  inwards,  for  supplying  air  from  a  compter- 
ing  pump  above  water,  an  escape  valve  for  foul  air,  opening 
outwards,  about  the  level  of  the  diverts  chest,  and  some  gls»d 
openings  (usually  three  in  number),  at  the  level  of  his  eyes.  Each 
of  these  openings  should  be  furnished  with  a  water-t^^t  valve^ 
which  the  diver  can  instantly  close  in  the  event  of  the  giaas  being 
broken.  The  air  feed-pipe  enters  at  the  back  of  the  hehnet^  and 
the  air  is  conducted  thence  by  arched  passages  over  the  divers 
head  to  points  near  the  glazed  eye-holes.  By  this  arrangement  the 
entrance  of  water  is  prevented,  in  the  event  of  the  feed-pipe  bunt- 
ing. To  overcome  the  buoyancy  of  the  appantnSi  and  enahlt 
the  diver  to  sink,  his  waterproof  dress  is  loaded  with  about  a 
hundredweight  of  lead,  part  in  the  soles  of  the  shoes,  part  faitmrf 
to  the  breast  and  back.  He  usually  hauls  himself  up  by  meaiis  of 
a  rope;  but  should  he  wish  to  ascend  suddenly  he  has  only  to  dosi 
the  escape-valve,  when  the  air  inflates  the  waterproof  dreas  and 
causes  him  to  float  to  the  sur&ce.  If  necessary,  he  csnies  a  balTs- 
eye  lantern,  air  and  water-tight,  and  supplied  with  air  in  the  mm$ 
manner  with  the  helmet;  the  chimney  has  a  flexible 
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the  outside  of  an  embaakment  is  fonned  with  stones^  the  interior  vaj 
be  filled  with  smaller  and  softer  materials;.  In  water  not  i^itifeai 
by  waves  an  embankment  of  loose  stones  will  stand  at  a  fllope 
ranging  from  that  of  1  to  1  to  that  of  2  to  1 ;  but  where  it  is 
exposed  to  waves,  it  must  be  faced  with  blocks  set  by  hand,  iriik 
the  aid  of  dicing  af^wcatus,  if  necessary,  the  least  dimensioa  of 
any  block  in  the  lacing  being  not  less  than  two-tirixda  «f  tii^  gieiteifc 
height  of  a  wave  from  trough  to  crest  Further  zemaiks  on  this 
will  be  made  in  a  later  chapter. 

A  loose  stone  embankment  may  be  protected  against  wmTes  and 
currents  by  means  of  wooden  crib-work. 

Hydraulic  concrete  can  be  laid  under  water  simply  by  ponzing  it 
into  an  excavation,  or  into  a  space  enclosed  with  a  timber  or  iron 
casing,  the  sur&ce  of  each  layer,  in  deep  water^  being  levelled  and 
smoothed  with  the  aid  of  diving  apparatus^  B^nlar  maaoDiyi 
whether  consisting  of  stones,  or  of  large  blocks  of  hardened  concrete^ 
requires  the  aid  of  diving  apparatus  during  the  whole  process  oC 
building.    (See  Art  230,  p.  374;  also  p.  436.) 

For  the  facing  of  sea-works  exposed  to  the  action  of  waves 
in  deep  water,  such  as  breakwaters,  enormous  blocks  of  hydzanlie 
concrete  are  sometimes  used,  measuring  from  12  to  27  cubic  yards 
in  volume.  For  the  protection  of  these  against  the  oonodiag 
action  of  sea- water,  a  method  has  lately  been  in^t>daoed  of  coatiag 
them  all  over,  to  a  thickness  of  about  three  inches,  with  asphahk 
concrete,  composed  of  two  parts  of  asphaltic  mastic  (Artkae  234, 

S.  376)  and  three  of  broken  stone.     (See  a  paper  by  M.  Lte 
Talo,  in  the  AnruUes  des  Fonts  et  GluxussSea,  1861.) 
In  ashlar  masonry  which  is  to  be  exposed  to  very  yiolent  riioelB 
from  the  waves,  such  as  that  of  lighthouses,  the  stones,  hesideB 
being  fastened  together  by  metal  cramps,  are  aometimea  bonded 

also  by  dove-tailing,  in  the  manner  shofvm 
in  plan  by  ^g.  275,  which  represents  put 
of  a  course  of  a  lighthouse^  This  was  fiffS 
practised  by  Smeaton  at  the  Eddjstoae 
lighthouse.  Its  chief  use  is  to  mist  tfcs 
tendency  which  the  stones  at  the  &ce  of  a 
wall  have  to  jump  aui  immediately  sfWr 
Fig.  275.  receiving  the  blow  of  a  wave.    Stones  of  di^ 

ferent  courses  are  sometimas  connected  hf 
cMing,  which  consists  in  making  flat  projeoti<»k8  on  the  beds  m 
the  stones  which  fit  into  corresponding  reeessea  in  the  beds  rf 
those  above  and  below  them. 


W 


<  Addbipuh  to  jirikk  408,  p.  60fi.— Diao  Piun  (Hbt  iimatioa  of  Mr.  BiwIm) 
bave  a  dbc  at  tbe  Ibot,  Bnd  are  lowered  by  diMiK 
^TO  of  a  atrMun  ofwatar. 
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The  purpose  of  a  bridge  maj 

A.  To  cross  o^er  or  under  some  existing  line  of  oommnmeatioii, 
which  it  is  either  impracticable  or  inexpedient  to  cross  on  tlie 
leyeL  In  this  case  there  are  in  general  certain  minimnm  dimfiiuiaDt 
fixed  by  law  or  by  agreement  for  the  passage  to  be  allowed  lor  the 
existing  line,  which  will  be  again  referred  to. 

B.  To  cross  a  valley,  in  which  an  embankment  would  be  im- 
practicable, or  too  expensive,  or  otherwise  inexpedient.  In  tlot 
case  the  bridge  is  called  a  viachtet, 

0.  To  cross  a  stream,  river,  estuary,  strait,  or  other  piece  of  wvfcer. 
The  principles  to  be  observed  in  this  case,  in  order  that  the  cnnent 
may  not  be  impeded,  nor  the  navigation  (if  any)  injured,  will  lio 
referred  to  in  a  subsequent  chapter* 

The  materials  of  a  bridge  may  be — 

a.  Masonry  or  brickwork;  as  to  which^  see  Part  IL,  Chapter IH, 
p.  349,  and  in  particular,  Section  YIIL,  p.  413. 

6.  Timber;  as  to  which,  see  Part  IL,  Chapter  IV.,  pw  437,  and  in 
particular,  Article  336,  p.  465,  and  Articles  341  to  349,  pp  475  to 
492. 

c.  Iron;  as  to  which,  see  Part  IL,  Chapter  Y.,  p.  494. 

As  to  the  ordinary  jfauncUuions  of  bridges,  see  Part  IL,  Chapter 
III.,  Section  IV.,  p.  377 ;  and  as  to  the  more  difficult  kinds  cf 
foundations,  see  Chapter  YL,  Section  IL,  p.  601. 

YII.  Tunnels;  as  to  which,  see  Part  IL,  Chapter  YL,  Section  L, 
p.  588. 

The  PERMANEiVT  WAY  of  a  line  of  land-carriage  is  either  a  mo^  • 
railway,  or  a  l/ramway,  the  essential  distinctions  being  that  a  roai 
presents  a  firm  surface  of  a  certain  breadth,  which  can  be  Uawned 
by  vehiclas  over  all  its  parts  and  in  all  directions;  a  twZMy 
confines  vehicles  to  certain  definite  tracks,  by  means  of  nub  on 
which  specially  formed  wheels  run;  a  iramnoay  ia  intenneditle 
between  these,  and  consists  of  fiat  rails  laid  on  a  part  of  tlm 
surface  of  a  road,  and  so  formed  that  vehicles  with  wheels  suited 
for  an  ordinary  road  can  run  upon  them  when  required. 

414.  SelfwtloH  of  I^tee  and  Jjerda. — ^The  Belecti(Hi  of  the  podtkii 
of  a  line  of  conveyance  depends  on  statistical  and  oommerdalt  ai 
well  as  mechanical  considerations;  but  although  the  fonneroaaa 
frequently  under  the  notice  of  the  engineer,  they  are  foreigB  ta  the 
proper  subject  of  this  treatise. 

In  a  purely  engineering  point  of  view,  the  object  to  be  ainid 
at  in  laying  out  the  course  of  a  line  of  communication  ia  to  eonvej 
the  traffic  with  the  least  expenditure  of  motive  power  ctmsiitent 
with  due  economy  in  the  construction  of  the  works.  Eoononj  ef 
motive  power  is  promoted  by  low  summit-levela,  flat  *^grmimM* 
(as  the  rates  of  declivity  of  lines  of  land-carriage  an  called^ 
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may  be  8ometim£s  neoessaxy  to  take  a  seq^eatinfi  or  eroi  *  i^ 
zag  course  in  order  to  obtain  a  sufficienily  easy  giadieBJ^  XBr 
dependency  of  oonaiderations  of  ecouomy  of  worL  In  a  &f 
instances  a  projecting  promontory  or  spur  of  a  mountaui  hat  Imh 
made  available  for  the  ascent  of  a  line  of  conYeyance  to  a  pttB,bf 
laying  out  the  line  in  a  spiral  course,  each  coil  of  the  spiral  ptirag 
first  through  the  promontory  by  a  tunnel,  and  then  winding  noDii 
outside  of  it. 

It  is  obviously  difficult  to  lay  out  a  line  of  conveyance  muiX 
once  to  accommodate  the  traffic  which  passes  along  the  lover  puk 
of  a  large  and  deep  valley,  and  that  which  passes  over  the  pas  it 
its  head ;  for  in  order  to  reach  the  summit  easily,  the  line  waA 
quit  the  lower  part  of  the  valley  at  a  certain  distance  finom  ^ 
pass,  and  ascend  gradually  along  the  sides  of  the  hills,  so  that  in  aoiae 
cases  a  branch  line  may  be  required  for  the  lower  pwrt  of  the  iralky. 

In  the  formation  of  all  lines  of  conveyance,  it  is  advisable  ti 
avoid  long  reaches  of  level  line  in  cutting,  as  being  difficult  to  dzaia. 
(See  Article  192,  p.  335.) 

As  to  crossiDg  a  great  plain,  see  Article  203,  p.  342.  In  ibia 
case  the  level  of  the  line  of  communication  is  generally  fixed  ae  ai 
to  be  sufficiently  high  above  the  highest  water-level  of  flooda 

415.  The  Rnliag  CmdicsK  of  a  line  of  communication  meana  the 
steepest  rate  of  inclination  which  prevails  generally  on  the  line; 
being  exceeded  only  on  exceptional  portions,  where  aaxiliai; 
motive  power  can  be  provided,  or  where  the  loads  to  be  oonTe^ 
up  the  ascent  are  lighter  than  on  other  portions  of  the  lina  The 
economy  with  which  the  works  can  be  constructed  depends  ntainlj 
on  the  steepness  admissible  for  the  ruling  gradients 

Two  things  are  chiefly  to  be  considered  in  fixing  a  nhif 
gradient :  the  motive  power  available  in  ascending,  and  the  avoid- 
ance of  waste  of  power  in  descending. 

Let  W  denote  the  greatest  gross  load  to  be  dragged  up  an  ascent; 
jf,  the  proportion  of  the  resistance  to  the  load  on  a  level; 
i,  the  sine  of  the  angle  of  inclination  of  the  ascent;  tiien 

is  the  greatest  resistance  to  be  overcome  in  ascending  tiie  mli^ 
gradient;  and  this  should  not  exceed  the  greatest  tractive  ia«^ 
which  the  prime  mover  is  capable  of  exerting.  Let  P  b©  that  fi«t»f 
then 

(/+ 1)  W  should  not  be  greater  than  P;  or,  in 

other  words,  f      n  \ 

i  should  not  be  greater  than  ^  — / 
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Thff  fUfilment  of  this  condition  is  eaaential,  i 
vliich  it  is  deaiiable  to  fulfil,  if  poaaible,  is,  tfa 
energy  ehall  be  wasted  through  the  necewityof  i 
hacking  the  prime  moTcr,  in  orfer  to  prevent  eio 
of  speed  in  descending  the  mling  gradient;  and 
ditdon 

t  should  (if  possible),  not  exceed. 

The  co-efficient  of  reaistance^difieraTery  mucl 
<:S  penniuient  iraj'.  In  each  case  it  consists  c 
ttmiog  from  friction,  and  constant  at  all  speeds,  ai 
from  vibration,  and  increasing  with  the  velocit]' 
have  different  values  in  the  formulae  1  and  2j  I 
oarresponding  to  the  ha^  speed  of  ascent  consist 
venience  of  the  traffic,  and  that  in  formula  2  cor 
greatest  speed  of  descent  consistent  with  safety. 

When  the  traffic  is  heavier  in  one  direction  th( 
ruling  gradient  in  the  direction  of  the  ascent  of 
may  be  the  steeper. 

As  a  general  consequence  of  these  principles, 
the  less  tlie  proportion  of  the  resistance  on  a  levi 
flatter  must  be  the  ruling  gradient,  and  the  i 
gradieut  is  the  heavier  are  t!ie  works,  and  the  mo 
lay  out  the  Una  Such,  for  example,  is  the  cose 
compared  with  roads.  In  railways  additional  exp 
are  occasioned  by  the  necessity  of  certain  limitatioi 
nesa  of  the  curves;  but  these  will  be  explained  in 

Section  Jl.—0/Soadt. 

416.    B«lMaB«  ml  Tvhicio  bb4  BbIIhh  Oniditn 

capable  of  being  used  on  i-oads  may  be  distingu 
•ad  wheel-carriuges.  The  only  cases  in  which  sl< 
vehicles  for  roads  are  those  in  which  the  sur&ce  is 
too  steep  to  admit  of  the  iise  of  wheel-carriages  wi 
lesistance  on  roads  has  not  been  determined  precisel 
The  reostance  of  wheel-carriages  on  roads  com 
pert,  and  a  part  increasing  with  the  velocity.  Ai 
ral  Uorin,  its  proportion  to  the  gross  load  is  giv 
hf  the  following  formula  :— 

/={a  +  b{v  —  3-28)\  -i.  r; 
n-ahod  litdgt  aa  hudenad  mow  I 
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nrhere  r  is  the  radius  of  the  wheels  in  inches^  v  the  velocitjr  iaM 
per  second,  and  a  and  h  two  oonstantSy  whose  Yalues  for  caniagM 
with  springs  are  as  follows  :*» 

/for  Wheds  of  18  hA» 
a  h  Radina. 

•=14-67     v^rs^ 

For  good  broken  stone  roads,  *4  to  '55  '025  '038  to  '046  'O38to'036 
1?^^  ».o^or«^«+o  ffrom      -27       -068         -060  -oaa 

For  carriages  without  springs,  the  constant  h  is  about  3^  tiacs 
greater  than  for  those  with  springs. 

The  following  table  is  founded  chiefly  on  experiments  by  Sir 
John  Macneill : — 

/ 

Stone  pavement, ..., i-68th=:  *oi5 

Broken  stone  road  on  a  firm  foundation,     i-49th  =  ^20 
Broken  stone  road  on  a  foundation  of )  .,       _^^ 

flinte, I    '-a**^  =  '*' 

Gravel  road, i-i5th  =  '067 

Soft  sandy  and  gravelly  ground, i-7th   s  '143 

Telford  estimated  the  average  resistance  of  carriages  on  a 
level  part  of  a  good  broken  stone  road  at  one-thirtieth  of  the  groas 
load;  and  according  to  the  principle  expressed  in  Article  41«^ 
equation  2,  he  assigned  1  in  30  as  the  ruling  gradient  which  ought, 
as  far  as  possible,  to  be  adopted  on  a  turnpike  road. 

If  the  tractive  force  which  a  horse  can  exert  steadily  and  con- 
tinuously at  a  walk  be  estimated  at  120  lb&,  the  adopti<m  of  a 
ruling  gradient  of  1  in  30,  the  resistance  on  a  level  being  l-30Ui 
of  the  load,  insures  that  each  horse  shall  be  able  to  draw  np  the 
steepest  declivity  of  the  road  a  gross  load  of 

120  X  30  ^  2  =  1,800  lbs. 

A  horse  can  exert,  for  a  short  time,  an  effort  two  or  three  tintt 
greater  than  that  which  he  can  keep  up  steadily  during  his  days 
work;  and  thus  steeper  ascents  for  short  distances  may  be  iBr> 
mounted. 

In  the  roads  laid  out  by  Telford,  the  ruling  gradient  of  one  in  90 
is  adhered  to,  wherever  it  is  practicable  to  do  so;  and  somediMi 
considerable  circuits  are  made  for  that  purpose.  OocasionsB^r 
however,  he  found  it  necessary  to  introduce  steeper  gradients  frr  a 
abort  distance,  such  as  1  in  20,  or  1  in  15, 


maaoiu7  Beldom  occur  on  lines  of 
b  the  greater  part  of  their  extent, 
e  ground.  In  this  case  the  operal 
s  simiily  in  diggiag,  in  ground  ' 
ch  eide  of  the  road,  and  in  groun 
'ain  at  the  nphill  side;  throwinj 
iie  track  of  the  intended  road,  so 

adjoining  ground,  and  levelling 
mr  in  itu  course.  According  to 
squired  preparatory  to  laying  the 
ul,  even  in  swampy  ground.  A 
;  is  advisable,  iu  marshy  ground 
I  rood  by  means  resembling  those 

ground  (Article  204,  p.  342) ;  for 
r  3  feet  deep,  and  filling  it  vith  cl 
r  the  road;  or  by  spreading  a  la 

so  as  to  form  a  sort  of  raft  to 
tTiea  are  used  for  this  purpose,  thej 
a  constantly  wet     They  consist  o 

or  thereabouts,  and  from  9  to  1 
lid  in  layers  alternately  lengthwii 
ith  pegs,  until  a  bed  is  formed  abc 
Tel  is  spread. 

Ct»—  — eii»«. — For  the  ordinary  b: 
mpike  or  main  road,  about  30  f 

or  6  feet  additional  for  a  footway 
nailer  widths  are  sufficient,  such  t 
.  5  feet  for  the  footway, 
ibed  by  law  in  Britain  for  those  pt 
rfered  with  by  railways  are  as  f<jli 

^ 3J 

1^  roads  (not  turnpike), as 

roadways  in  populous  towns  and 
rule  can  be  laid  down. 
ases  in  which  the  traffic  is  greatei 
lut  fiO  feet,  with  a  pair  of  footway 

ihould  have  a  slight  rise  or  codt 
i  water  may  mn  off  it  towards  tk 
im  4  inches  to  6  inches  is  Ba£E 
given  to  tJie  /ormatum,  bo  that  1 

tl'Adam  On  SaaJt,  otoih  •dlUoo,  ISST. 


n 
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€f  w^mog  may  be  uniform.  The  footways  should  be  neiriT  lefv«] 
with  the  highest  part  or  crown  of  the  carriageway,  and  haveVfciy 
dtght  slope  towards  the  carriageway. 

For  Ui^  form  of  cross-section  of  the  conveodty  of  the  e»nf»* 
-way,  Telford  recommends  a  veiy  flat  ellipse;  bat  Mr.  Walfcer 
pv^Ebrs  two  straight  lines,  connected  by  a  short  cnrve  at  the  caova. 
Hie  advises,  also,  that  every  part  of  a  road  shonld,  as  fiff  as 
practicable,  have  a  slight  dedivily  longitudinallyy  to  fMilitato 
drainage. 

419.  ^ni— |L»  •■«  PcMcii^(^ — ^The  side-drains,  whichhaveabead^ 
been  mentioned,  are  similar  to  those  of  pieces  of  earthwork,  as  tt» 
w^hich,  see  Articles  190,  193,  202,  pp.  334,  33d,  342.  A  dqiCh  of 
S  or  3  feet  is  in  general  sufficient  for  them ;  and  when  th^  an 
open  ditches,  they  may  be  from  3  to  4  feet  wide  at  the  topi  If 
covered,  they  may  consist  of  earthenware  tubes  of  6  inches  diameter, 
or  thereabouts,  on  an  average,  or  built  culverts  of  about  12  inchei 
aquare.  Roadways  in  towns  are  in  general  drained  into  uader* 
ground  sewers. 

The  gutters  or  ckannds  run  along  each  side  of  the  catriagewaj, 
and  are  usually  about  3  inches  deep.  They  collect  the  sai&cd- 
water  from  the  road,  and  discharge  it  into  the  side-drains  throii|^ 
transverse  tubes,  which  pass  below  the  fences  and  footway. 

Aiitn  drains  are  small  underground  tUe  drains  or  tubes,  diverging 
obliquely  from  the  centre  line  of  the  roadway  at  interval  of  60 
yards  or  thereabouts,  and  leading,  with  a  declivity  of  about  1  ia 
100,  into  the  side-drains. 

In  towns  the  channels  discharge  their  water  into  the  sever 
through  passages  called  guUy-holes,  sometimes  having  boriaootJ 
openings  covered  by  gratings,  sometimes  vertical  openings  in  the 
curb  of  the  footway.  In  order  to  prevent  the  escape  of  foal  air 
through  them,  they  are  provided  with  siphon  traps,  or  with  valves 
opening  inwards. 

When  a  road  is  drained  by  an  open  ditch,  the  fence  should  be 
between  the  ditch  and  the  road.  The  permanent  fences  of  roads 
aro  usually  either  hedges  or  walls.  According  to  Telford,  tbcr 
should  not  exceed  5  feet  in  height,  in  order  that  the  sun  and  wind 
may  have  free  access  to  the  road  to  dry  it. 

420.  BMkca  mmwM  VLmm4»* — ^The  true  prindples  of  the  oonstzue- 
tion  of  roads  covered  with  broken  stone  were  discovered  by  Jfll« 
Loudon  M'Adam,  and  are  fully  described  in  his  work  On  RomiM 
already  referred  ta 

The  stone,  or  *'  road  mdal^  should  be  hard,  tough,  and  dozaUe. 
(On  these  points,  see  Part  IL,  Section  L,  pp.  349  to  363.)  Tk» 
best  materials  are  granite  (p.  355)  and  ^p-rock,  or  whinsfeoat 
(pi  356)w     Hard  compact  limestone  (pi  359)  may  alao  be  naed,  an^ 
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8  (p.  S57) ;  but  all  fiinta  shonld 
for  making  concrete. 
down  by  means  of  a  hammer  iritl 
smaller  pieces,  until  at  length 
ly  approximating  to  a  cubical  . 
in  weight;  which,  on  an  aven 
me  of  1'6  inches  in  the  (dde. 
^ctor  to  carry  a  small  balance,  i 
'  a  few  stones  from  each  heap.  ] 
ifeasr^  Blake  breaks  stone  intt 
1b,  with  an  expenditure  of  pon 
r  H.P.  for  each  cnbic  yard  broKet 
^vel  into  angular  pieces,  it  \ 
rib. 

prepared,  is  to  be  evenly  sprea 
ike,  in  three  sacceasive  layers  of 
layer  being  left  to  be  partly  co 
'  ia  laid,  or,  etill  better,  fay  the 
see  Appendix,  p.  786  ;  and  thut 
igolar  fragments  of  stone  abont 
lus  to  water,  or  nearly  so,  and  w 

1,  10  inches  is  the  greatest  thi 

road,  from  fl  to  9  inches  be 
ice  was  to  lay  the  metal  simp 

preparation  except  lerelling  ii 
sci-ibed  in  Article  417,  p.  625. 
rtice  of  Telford,  before  laying 
bottoming"  is  laid,  consisting  <A 
uily  hard  stone,  measuring  frc 
n.  The  laigest  of  those  pieces 
lides  resting  on  the  formation,  an 

are  packed,  so  as  to  form  a  com 
le  centre  of  the  road,  and  1  ind 
rexity  being  made  in  this  maunei 

is  i^read  as  already  described. 
I  repaired  by  thoroughly  moisteni 
lening  the  upper  Bur&ce  with  a 
:  it  a  layer  of  metal,  which  shonl 
I  surface  is  first  loosened,  the  i 
late  with  the  old.  The  practice 
led  "  darning,"  is  bad. 
traffic  on  a  broken  stone  road  ei 
and  and  gravel,  called  "  blinding. 
it  ):his  practice  is  a  bad  one,  fo 
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and  gravel  work  their  way  between  the  fragments  of  stooe^  and 
prevent  their  ever  forming  so  compact  a  mass  as  they  onght  to  da 

When  mud  forms  on  the  surface  of  a  road,  it  is  to  be  remofed  bj 
flcraping;  but  if  the  road  is  well  made  of  good  materials^  littieof 
that  work  is  required. 

WheeJs  of  small  diameter  are  the  most  destructive  to  roads. 

According  to  Telford,  the  load  on  a  broken  stone  roadway  oog^t 
not  to  exce^  one  ton  on  each  wheel :  the  tire  of  the  wheel,  for  a  load 
of  one  ton,  being  four  inches  broad.     The  limitation  as  to  load 
agrees  with  general  practice;  but  the  breadth  of  four  inches  for  a 
load  of  one  ton  per  wheel  appears  to  be  only  necessary  for  vdiides 
without  springs;   for    those  properly  provided  wiUi  sprii^  a 
breadth  of  from  2  to  2^  inches  is  sufficient  under  any  lofti  of 
ordinary  occurrence,  provided  they  are  to  run  on  firm  and  compact 
roadways  only.     On  soft  and  loose  roadways  an  additional  bresdtli 
of  wheel  prevents  the  resistance  from  being  so  great  as  it  would  bo 
with  narrow  wheels.     The  consolidation  of  a  broken  stone  road 
may  be  hastened  by  rolling  it  with  a  cast  iron  roller  wdghing  from 
1  to  3  tons  if  drawn  by  horses,  or  by  steam  rollers.     (See  p.  79L) 

421.  st«Me  PnTenaeMta. — The /(mndotion  of  a  stone  pavement  may 
consist  either  of  a  layer  of  hydi'aulic  concrete,  or  of  rubble  masoniy 
set  in  hydraulic  mortar,  from  6  to  9  inches  deep ; 

Or  of  three  successive  layers  of  broken  stone  road  meial,  esck 
about  4  inches  deep,  consolidated  by  allowing  the  traffic  to  nta 
upon  them  for  a  time,  or,  still  better,  by  rolling  ; 

Or  of  three  well-rammed  layers  of  gravel,  each  4  inches  deep^ 
with  a  layer  of  sand  about  1  inch  deep  on  the  top. 

The  best  materials  for  stone  pavements  are  syenite  and  granite, 
the  hardest  that  can  be  found;  and  the  next^  trap  or  ^  whiostoaa." 
Stones  of  a  laminated  structure  are  to  be  avoided  if  possible ;  and 
should  it  be  absolutely  necessary  to  use  them,  they  are  to  be  set 
with  their  beds  or  lamime  on  edga 

Paving-stones  should  be  roughly  squared,  special  care  h&ng  takes 
that  they  do  not  taper  downwards.  They  are  to  be  set  in  regvlir 
courses,  running  acixMs  the  roadway,  and  breaking  joint  with 
other.  In  order  that  the  stones  may  not  tend  to  cant  ot  tih 
their  depth  in  a  vertical  direction  should  be  somewhat  mare 
double  their  horisontal  breadth :  for  the  same  reason,  the  kogA 
should  be  equal  to  the  depth,  or  not  much  greater.  The 
usually  adopted 


Breadth  (in  a  direction  along  the  roadway), 4  indiea. 

Depth  (in  a  vertical  direction), 9      „ 

Length  (in  a  direction  across  the  )  ^^     ft  to  15 
loadway), .,  j  ■■ 
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Paving-stones  are  aomeidmes  made  to  taper  slightly  tovoarda  1h$ 
top,  so  that  their  joints  are  close  below,  and  open  to  the  extent  of 
an  inch  or  thereabouts  above,  the  wedge-formed  spaces  thus  left 
being  filled  with  gravel,  or  chips  of  stone,  imbedded  in  bituminous 
cement.  (Article  234,  p.  376.)  This  gives  a  more*  secure  footing 
to  horses  than  a  close-jointed  pavement. 

Small  pieces  of  granite,  nearly  cubical,  and  measuring  about  4 
inches  each  way,  have  been  used  at  Euston  Square  Station.  They 
rest  on  a  layer  of  sand  1  inch  deep,  and  three  layers  of  gravel  mixed 
vith  chalk,  each  4  inches  deep,  and  are  set  as  close  as  possible. 

Paving-stones  are  rammed  into  their  places  with  a  wooden 
xammer  or  beetle,  weighing  about  55  lbs.  A  small  steam-hammer 
lias  been  sometimes  used  for  this  purpose. 

They  maybe  covered,  when  first  laid,  with  a  blinding  of  sand  and 
fine  gravel,  about  an  inch  or  an  inch  and  a-half  deep,  to  fill  the 
joints  by  degrees. 

Their  joints  may  be  made  water-tight  by  being  laid  in  cement  or 
hydraulic  mortar;  or  in  iron-turnings,  which  rust,  and  make  a  sort 
of  cement  with  the  sand  and  gravel  of  the  blinding  that  works  its 
tray  into  the  joint ;  or  in  a  bituminous  cement,  or  by  being  groiUed 
with  hydraulic  lime  in  a  semi-fluid  state  after  being  laid. 

Bubide  or  Bcndd&r  PavemerU  consists  of  stones  of  irregular  shapes 
set  in  a  bed  of  sand  or  gravel  It  causes  great  resistance  to 
vehicles,  is  liable  to  irregular  sinking,  and  requires  frequent  repair. 

The  chief  disadvantage  attending  the  use  of  well-made  stone 

Eivement  in  towns  is  its  liability  to  be  disturbed  for  the  purpose  of 
ying  gas  and  water-pipes  and  small  sewers.  One  method  of 
obviating  this  is  to  provide ''  sid&'tTencliies  *'  to  contain  those  under- 
ground works,  being  narrow  excavations  lined  at  the  sides  with 
kick  walls,  and  situated  under  the  outer  edge  of  the  foot-pavement, 
hy  the  flags  of  which  they  are  covered.  The  wall  of  the  side* 
trench  next  the  roadway  is  strengthened  against  the  pressure  of  the 
mxQi  by  means  of  transverse  walls,  with  openings  in  them  for  the 
ptasage  of  sewers  and  pipes;  and  between  those  transverse  walls 
the  longitudinal,  wall  is  slighiJy  arched  horizontally,  like  the  retain* 
ng  wall  in  fig.  176,  p.  412.  The  other  longitudinal  wall  of  the 
lide-trench  forms  the  back  of  a  row  of  cdlars  under  the  foot* 
pavement.  The  side  walls  of  the  cellars  are  in  a  line  with  the 
transverse  walls  of  the  side-trench,  and  act  as  buttresses  to  give  it 
Stability.  In  an  example  given  in  Mr.  Newlands*s  Report*  for 
1848,  the  side-trench  is  13  feet  deep  from  sur&oe  of  footway  to 
Bmndation,  2^  feet  wide  inside,  and  has  cross  walls  at  every  7  feet; 
Bie  brickwork  is  one  brick,  or  9  inches  thick.     It  contains  an  oval 

*  See  B^porU  qftkt  Borough  Engineer  of  Liverpool  (Mr.  Jamei  KewUuidi)i 
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Hewer-pipe  of  27  X  18  inches,  a  10  inck  water-pipe,  and  a  10  i 
gas-pipe.  Sewers  whicli  are  large  enough  to  be  travetaed  hf  men 
may  be  repaired  bj  getting  access  to  them  through  sabteEnoas 
passages  l€»xling  into  them  from  trap-doors  in  the  foot-paTemeni 
«  Another  method  of  obviating  the  necessity  for  raisiDg  the  ptT» 
ment  of  the  carriageway  is  to  have  a  "  subAcay  "  or  tnnnd  under 
tie  street,  containing  the  sewer  and  the  gas  and  waterfipei 
This  method  has  hitherto  been  tried  for  short  distances  only. 

422.  Flatways  •€  Boads. — ^In  country  roads  the  oonstractioa  d. 
the  footways  is  the  same  with  that  of  a  broken  stone  road,  except 
that  smaller  and  less  hard  materials  are  used,  and  that  frooi  H  to 
4  inches  is  a  sufficient  thickness.  The  footway  should  have  t 
declivity  of  about  2  inches  towards  the  channel,  its  lowert  edge 
being  not  more  than  9  inches  above  the  bottom  of  the  channd,  ani 
its  side  towards  the  channel  being  formed  either  by  a  slope  of  froa 
1  to  1  to  1^  to  1,  or  by  a  curb-stone  set  on  edge,  from  4  to  6  indMS 
thick.  To  consolidate  footways,  a  cast  iron  roller  may  be  used, 
weighing  from  ^  to  ^  a  ton. 

In  streets  the  footways  have  a  foundation  of  concrete,  broken 
stone,  gravel,  or  sand,  and  are  covered  with  flagstones,  usasllyfroa 
li  to  4  inches  thick,  being  thinnest  for  the  strongest  mateniL 
Tlie  best  materials  are  those  which  are  hardest^  toughest,  and  leut 
pervious  to  water,  such  as  liomblende  slate,  the  harder  kinds  of 
elay  slate,  gneiss,  strong  sandstone  and  compact  limestone. 

422  A.  Condyle  PaTomenis  were  introduced  by  Mr.  JosepI 
Mitchell.  They  consist  of  broken  stone  road  meUl,  weD  mixed 
with  hydraulic  mortar. 

423.  BltamlaoBs  «r  AsphaUic  Vmremtmtm  consist  of  a  thin  IsjV 

of  what  has  been  described  in  Article  234,  p.  376,  as  "  Bitaminotf 
Ck)ncrete,'*  laid  on  a  foundation  of  broken  stone.  The  fonnation  d 
the  roadway  has  a  convexity  of  1-1 00th  of  the  breadtL 

The  foundation  consists  of  road  metal,  as  described  in  Article 
420,  p.  626,  laid  in  a  layer  of  4  inches  deep  for  the  carria^esat, 
and  2  inches  deep  for  the  footway,  and  consolidated  with  aiannMr 
of  55  or  56  lbs.  weight,  or  with  a  cast  iron  roller. 

The  covering,  which  is  about  1^  inch  thick  for  a  carnagewaj,  and 
j  inch  thick  for  a  footway,  consists  of  a  mixture  of  road  metal  or 
gravel  and  "  bituminous  mortar."  The  proportions  of  itB  inj^ 
-dients  have  been  given  in  Article  234,  p.  376.  The  order  in  wfcj^ 
they  are  to  be  combined  is  the  following: — Having  melted  A» 
bitumen,  add  the  asphalt  broken  small,  then  the  resin  oil,  ihentfct 
^nd,  and  lastly  the  broken  stone.  To  test  the  oompoatioa»* 
specimen  of  it  is  cooled  in  water  to  the  temperature  of  abooi  ^ 
a  piece  of  plank,  having  two  four-sided  pyramidal  points  of  irw  •■ 
the  iinder  side,  is  laid  with  one  point  resting  on  a  fonuedj'^P'^ 
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Ae,  and  the  other  on  the  new  sample; 
a  of  the  plank,  when  the  impreesioiiB  o 
ew  sample  ahoald  be  of  equal  depth. 
)Dt  3-lOths  of  an  inch  for  carriagewa; 
the  latter  requiring  the  stionger  materi 
-d,  bitumen  and  resin  oil  are  to  be  ad 
,  asphalt  and  sand.  The  oovering  is  lai 
t  state,  in  rectangular  sections;  its  snrfi 
id  the  aniplus  sand  swept  off,  and  : 
utifidal  asphalt  is  equal  to  natural  asph 

ituminaus  roadways  cold,  asphalt  is  U 

1,  spread  about  2  inches  deep,  wet  all  c 

led  with  a  56  IK  beetle. 

le  BUT&ce  of  a  bituminous  roadway,  dif 

.  three  of  pitch  oil  or  resin  oil;  sprea 

over  each  square  yard  of  roadway,  and 

alt  in  powder;  then  sprinkle  the  surf 

ay  the  loose  sand. 

dinous  pavements  under  constant  trafl 

about  l-40th  of  an  inch  a<year. 

Baada  are  useful  in  newly  settled  ooui 
idant 

M  PuTaHeau  have  come  into  extensi 
.  The  princi[>al  advantages  they  offer  < 
the  diminution  in  tractive  force  necessa 
their  giving  a  better  foothold  to  horse 
the  other  band,  are  principally  of  a  sa 
b  and  retain  noxious  matter,  the  pret 
leansing  them  is  much  higher  than  for 
life  t>f  wood  pavements  is  from  nine  tc 
'  be  judged  from  experience  so  &r.  Th 
1  pavement  now  in  use,  which  differ  in 
Q8t  all  agree  in  forming  a  concrete  founi 
r,  and  making  the  superstructure  wat« 
ctorily  attained,  notbiog  more  can  be 
bether  it  is,  and  if  water  get  between  tl 
urally  causes  the  wood  to  swell,  and  ' 
nown  to  tear  up  the  kerbstones.  A 
jjyed  extensively  in  America,  ia  to  lay  1 

of  sand,  and  to  fix  the  blocks  with 
le  sand,  the  portion  above  the  wedges  h> 
»ment.  Tbla  method  consolidates  th 
latural  filtration.  The  method  most 
■ts  in  forming  a  bed  of  concrete,  direct! 
1,  the  wood  blocks  are  laid,  witJi  fibi 
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tises  of  V  X  3"  X  V\  the  lai^gest  dimension  being  across  die  sfaset 
and  the  next  kigest  downwards,   the  spaces  being  filled  vitii 
asphalte.      In  a  second  method,  tarred  felt  is  pkced  over  the   , 
concrete  and  between  the  blocks.     Whilst,  in  a  third,  the  bloda 
are  saturated  with  a  liquid  asphaltic  mastic,  the  blocks  being  joined 
with  the  same  material.     The  method  which  has  received  moit 
favour,  consists  in  laying  1  inch  sand  over  the  concrete,  1  indi 
boarding  parallel  to  the  street  over  this,  the  blocks  being  pUoed 
thereon,  and  the  spaces  of  about  \  inch  run  in  with  asphidte  snd 
grouting.    In  every  case  the  surface  is  spread  over  with  sand  or 
grit. 

Section  III. — Of  Tramways. 

426.  8i«ae  Tramwafs  consist  of  a  pair  of  parallel  ranges  of 
oblong  blocks  of  granite,  about  4^  feet  apart  from  centre  to  centre, 
with  their  upper  surfaces  forming  pai-t  of  the  surface  of  a  road, 
each  block  being  from  2  to  4  feet  long,  about  10  or  12  inches 
broad,  and  of  the  same  depth  with  the  rest  of  the  covering  of  the 
roadway. 

427.  ir«ii  Tmmwayti  are  in  fact  railways,  with  the  railB  so 
formed  that  their  upper  surfaces  form  part  of  the  surface  of  a  road 
or  street.  According  to  the  ordinary  construction,  the  rails  are 
flat  bars  of  wrought  iron  or  steel,  in  lengths  of  24  or  25  feet,  4 
inches  broad,  and  weighing  from  30  to  60  lbs.  to  the  yard.  In  the 
upper  surface  of  the  rail  is  a  longitudinal  groove,  1^  inch  broad 
and  I  inch  deep,  or  thereabouts,  to  receive  the  flanges  of  caniage 
wheels.  The  part  of  the  top  surface  outside  the  groove  is  about  \\ 
inch  broad,  and  is  the  rolling  surface.  The  part  inside  the  groove  ii 
corrugated  with  shallow  transverse  grooves,  in  order  to  enable  car- 
riage wheels  to  be  easily  pulled  obliquely  across  them  when  required. 
From  the  under  surface  of  the  rail  there  projects  downwank  a 
longitudinal  rib,  about  1^  inch  broad  and  \  inch  deep.  This  fits 
into  a  groove  in  a  longitudinal  timber  sleeper,  4  inches  broad  and 
6  or  7  inches  deep,  to  which  the  rail  is  bolted  at  intervals  of  abcat 
a  yard,  with  |-inch  bolts,  having  their  heads  counter-sunk  at  the 
bottom  of  the  groove.  The  ballast  is  concrete,  made  with  broken 
stone  or  slag,  and  either  asphalte  or  hydraulic  mortar,  from  2  to  4 
inches  deep.  Sometimes  the  longitudinal  sleepers  rest  directly  on 
the  ballast^  when  the  gauge  must  be  preserved  by  means  of  eras 
ties.  Sometimes  they  rest  on  cross  sleepers  (see  p.  665).  The 
spaces  between  and  alongside  the  rails  and  sleepers  are  filled  with 
granite  pavement,  or  other  suitable  covering. 

According  to  an  invention  of  Mr.  Laurence  Hill,  C.K,  one  only 

of  the  two  rails  of  the  track  has  a  gi*oove,  the  other  having  a  plais 

upper  surface,  on  which  wheels  run  on  their  flanges.     Tliis  avoidi 

the  difficulty  of  adapting  the  grooves  to  flanged  wheels  haviai 

differences  of  gauge. 
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Section  IV. — Of  Railwayt. 

^28.    BralMBHs  •rTaklctu  ■■  a  Level. — Let  /  b< 

«f  tlie  resistance  on  a  level  to  the  groes  load,  expr 
tion;  then  resiatituce  in  lbs.  per  ton-2,240/. 

It  is  true  that  the  part  of  the  resistance  which  if 
placement  and  friction  of  the  air  must  depend,  not  < 
on  the  dimensions  and  figures  of  the  vehiclea ;  but  o 
knowledge  of  the  laws  of  the  resistance  of  the  air  t^ 
u  i^wajr  carriages  is  scarcelj  sufficient  to  enable 
that  resistance  separately  with  such  precision  as  to 
irfthe  computation  practical! j  nseful.* 

The  co-«iEcient  of  resistance  on  a  level,  /,  consist 
one  representing  the  effect  of  friction,  which  is  inde 
speeA ;  the  otlier  representing  the  eSect  of  concussion  t 
ance  of  the  air,  which  increases  with  the  speed.  Th 
to  which  the  latter  part  of  the  co-efficient  of  resista 
■till  uncertain,  owing  to  the  irregularities  of  thi 
peritoent.  According  to  one  formula  (founded  on 
Mr.  Gooch),  it  b  insensible  up  to  a  speed  of  about  10 
and  then  increases  nearly  in  the  simple  ratio  of  thi 
■peed  abore  that  limit.  According  to  another  formi 
D.  E.  Clark),  it  ib  nearly  proportional  to  the  squan 
and  both  those  fonnulfe  agree,  in  a  rough  way,  witfa 

The  following  are  the  formula  in  question,  in  ea 
denotes  the  Telocity  in  miles  an  honr:— 

Co-efficient  of  re8istance,/=  -00268  (l  +  — 

(y 
1  +  - 

Co-efficient  of  resiBlance,/=  -00268  \\  +  j 

*  Tba  following  in  liro  alltniittTe  ronnnln  by  tha  !■(«  Mr. ' 
•od  Hr.  Scott  BiukII,  la  HhichM|>iniieexpraulonsire|^v«i  Ion 
■ir.  In  tba  flnt  foimnla  tbit  miitanca  la  nsnmed  to  [»  piopon 
tantiga  of  tha  tnUnt  in  tlia  lecond,  to  its  Tolunit. 

T  daootia  tbe  weight  of  tha  tralo,  ta  lau. 
V,  Iti  valodtT,  In  miles  «n  bour. 

A,  l[j  area  or  Tnintice,  ta  aquare  Ttot. 

B,  lU  Yolams,  in  cubic  feet;  then 


iiih»=(i+7)t+ 
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Resistaiice  in  lbs.  per  ton,  2,240  /=  6  +  -^yjr.   (3  a.) 

Carriages  Lave  been  roade  and  used  in  which  the  co-effidenft  of 
resistance  was  as  small  as  '002,  or  abont  4^  lbs.  per  ton,  al 
Yelocities  not  exceeding  12  miles  an  hour,  the  resistance  beiog 
sensibly  constant  at  such  velocities.* 

The  foimulsB  2,  2  a,  3,  3  a,  are  applicable  to  good  railway  carriage 
with  springs,  in  trains  drawn  by  an  engine  at  an  uniform  speed  on  • 
well-made  line,  in  good  repair,  with  easy  curves^  and  in  moderitelj 
calm  weather;  the  experiments  on  which  they  are  founded  hvnng 
been  made  under  those  circumstauces,  and  the  resistance  detenmnad 
by  means  of  a  dynamometer  between  the  engine  and  the  tmin. 

Another  mode  of  determining  the  resistance  of  a  carriage  on  a 
railway  is  to  start  it  ofiT  at  a  considerable  speed,  and  allow  it  to 
come  gradually  to  rest  by  its  own  resistance;  but  in  this  mode  of  ex- 
perimenting, although  the  friction  is  the  same  as  in  the  other  mode^ 
the  resistance  arising  from  concussion  is  considerably  less^  becanss 
much  of  the  vibration  origioates  with  the  engincf 

The  absence  of  springs  augments  that  part  of  the  resistanoa 
which  increases  with  the  velocity;  but  wagons  without  springs  are 
used  only  at  very  low  speeds. 

The  following  are  some  examples  of  resistances  per  ton  at  dif 
ferent  speeds,  calculated  by  the  two  formulae  respectively : — 

Speed  in  miles  an  hour,  y=:      lo        15         20         30         40         50       60 

/by  equation  2, 10026$  *00335  XX3402  100536  Xfo6yo  t)o8a4  10095$ 

2,240/by  equation  2  A,....       6         7^  9  12  15         18       21 

y  by  equation  S, 100287  x»3io  xx>342  100435  ^00565  100733  twgjS 

2,2-iO/by  equation  3  A,....     6*4       6*9         77        97        127      l6'4      « 

Mr.  D.  K.  Clark  considers  that  his  experiments  indicate  tliai 
the  resistance  on  a  level,  given  by  equations  3,  3  A,  is  liable  to  be 

*  See  Rankine  On  CyUndrkal  Wheels  on  Railwoft;  also  Wood  Oa  BaSnaiL 
t  To  ascertain  the  resistance  of  a  vehicle  by  experiments  on  its  gradual  reunbtifli. 
•tones  or  other  marks  are  to  be  dropped  from  the  carriage  at  equal  interrsls  of  tiv 
(say  of  t  seconds  each),  and  the  distances  between  those  successive  marts  nmmati. 

Let  Xj,  X),  a^sf  x^,  &c.,  be  those  distances  in  feet:  t,  tho  aineoC  thelndiMtiA 
Then  the  velocities  at  the  end  of 

ty^USt,  &a,  seoonda,  are  nearly. 

Let  9m  and  v«  +  1  denote  the  velocities  at  the  end  of  »  <  and  (« -f  1)  <  sMoi 
respectively.    Then  the  co-efficient  of  leaistanoe  at  the  end  of  » I  seconds  is  Bfitftr< 

-^=  {(<^--«»+i)-7-82-2f\  =7=tMxordingafithegracBeiitii/| 
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exceeded  in  the  foUowiog  proportioius  ^om  ■ 
CMiaes: — ■ 

Front  a  nmd  ill  laid,  or  in  bad  repair, 

From  resistRnce  on  cnires, 

Kr<Mn  strong  side  winds, 

Total, 

It  m«7  be  held,  however,  that  all  those  caosee  i 
■noe  are  eeldom  combined  at  one  time  and  place 
cent,  is  a  liberal  allowance  for  eontingent  resutane 

The  fiiction  of  good  ordinai;  mineral  wagon 
may  be  eetimated  as  nmging  from 

8  lbs.  per  ton,  or  '00353 
to  10  lbs.  per  ton,  or  -00446 

and  as  being  on  an  aTerage  about 

9  lbs.  pel-  ton,  or  -00402,  or  i-25oth  near 

429.  VwrnfrUam  ml  «rMB  M  Ret  X.«ad. — In  th< 

ment  the  ordinary  proportions  of  the  weight  of  ] 
wagons  to  the  loads  which  they  can;  are  given  01 
Mr.  D.  E.  Clark;  and  from  those;;  proportions 
praportionB  of  gross  to  net  load  in  goods  and  mini 

W» 

Well  made  open  w^ous, , 

Well  made  covered  wagons, ; 

Glnnuj  wagons, 

In  compnting  the  grora  load  to  be  drawn  be 
engine  which  has  a  tender,  the  weight  of  the  tend 
tons)  is  to  be  added  to  that  of  the  wagons  and  tb( 

Passengers  without  luggage  may  be  estimated 
to  the  ton,  and  with  luggage,  about  10  to  the  ta 
an  uncertain  estimate).  In  a  paseeiiger  train  th 
be  roughly  efltimated  at  about  three  times  tli 
carriages  suited  for  locomotive  railways  and  high 
when  empty  5  or  6  tons  for  a  carriage  capable  of 
pBseengers.  In  light  carriages  on  horse-worked  ] 
load  needs  not  exceed  double  the  net  load.    (See  | 

430.  The  Tnuuva  Vane  which  the  prime  mo 
exert  will  here  be  considered  so  far  as  it  is  co: 

.^[oefltion  of  gradients.     The  prime  movers  comm 
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railwaya  are,  gravity,  horses,  fixed  steam  engines,  and  looomcdn 
steam  engines.  The  strength  of  men  and  the  force  of  the  ynsi 
have  also  been  employed,  but  in  isolated  experiments  only. 

I.  Graviti/  either  assbts  or  opposes  the  other  kinds  of  motive 
power  on  all  inclined  parts  of  a  railway.  It  may  act  as  the 
sole  motive  power  on  a  descending  gradient  that  is  safSdentij 
steep. 

The  only  case  in  which  gravity  acts  as  a  tractive  forot  on  a  nil- 
way  is  that  of  a  ^'  Bdf-custing  indiried  pUme,"  on  which  a  train  of 
loaded  wagons  descending  draws  up  a  train  of  empty  ^vagoi& 
Let  %  be  the  sine  of  the  inclination  of  the  plane,  y  the  oo-effidectof 
resistance  of  the  wagons,  T  the  weight  of  a  train  of  empty  wa^ooa^ 
W  the  net  load  of  a  train.  Then  the  available  tractive  force  at  in 
uniform  speed  is 

(»-/)(T  +  W). 

The  rope,  according  to  present  practice,  is  of  iron  wire,  and  uaoal^ 
endless,  and  lies  on  a  series  of  sheaves  or  pullies  7  yards  apart  Tks 
weight  of  each  sheave  is  between  20  and  30  lbs. ;  the  weight  of  the 
rope  (allowing  6  as  the  factor  of  safety)  per  foot  qfits  length  should  be 
1-4  500th  of  the  greatest  working  tension.  Let  R  be  the  weight  of 
the  rope  and  pullies;  their  total  resistance  is  usually  estimated  si 
about  l-20th  of  their  weight,  and  the  resistance  of  the  tnin  of 
empty  wagons  is  (i  +/)  T.  In  order  that  the  tractive  foroe  may 
simply  balance  the  resistances,  we  must  have 

(i  -/)  (T  +  W)  =  ^  +  (i  +/)  T; a) 

and  tlie  inclined  plane  will  not  work  unless  the  indinatioa  it 
f^teepcr  than  that  given  by  solving  the  above  equation;  that  is  to 
say, 

t  must  be  greater  than  |  ^  +/(W  +  2  T)  |  ^  W....(2.) 
Assume/=  O04,  T  =  W  ^  2;  then 

t  must  be  greater  than  <  oTTW  "'"  '^^  I ^^^^ 

The  excess  of  steepness  above  this  limit  causes  an  excess  of 
tractive  foi-ce  above  resistance,  which  produces  accelerated  modoa 
The  aocelemtion  may  be  allowed  to  go  on  so  long  as  the  vdoei^' 
does  not  exceed  a  safe  limit;  so  soon  as  that  limit  has  been  attauM 
the  surplus  tractive  foroe  mu^t  be  oountetactod  by  the  use  of  tht 
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brake.*  The  wear  of  wire  ropes  is  from  67  to  100 
UDum. 

IT.  Hartei. — Ad  animal  produces  its  greatest  ds 
vorking  for  eight  liount  per  da^,  and  with  a  certain 
and  tnctive  forca 

Let  Pj  denote  the  tractive  force  correspoudiDg  t 
day's  work ; 
P,  anj  other  tractive  force; 
Vj,  the  speed  corresponding  to  the  greatest  dt 
V,  any  other  speed; 

T,  the  time,  in  hours  per  day,  during  wliich 
kept  up. 

Then  the  following  formula  is  approximately  true, 
■peeds  not  greatly  differing  from  Pj  and  Vj,  aod 
peatly  exceeding  eight  horns  per  day : — 


For  a  |;ood  average  draught  h<nrse  the  following  d 
onect: — 

P  =  120  lbs. 

Yi  =  3*6  feet  per  second,  or  about  2^  miles  ai 

For  a  high-bred  horse  of  average  strength  and 
difficult  to  aaugn  the  values  of  Fj  and  V,,  for  wan 
dat&  The  following  values  agree  in  a  general  way 
the  reeultii  of  experience  in  the  traction  of  stage  o 
light  railway  carnages:— 


•II  h  »  .  

MMlnatiofi  on  atglT-actlng  Indlned  plant.  It  ma;  WHnellinn,  bow 
lado  M,  wbera  ttui  dKlirlLjr  li  to  dtght  that  them  ti  a  doabi  nhc 
•ttaiiud  will  tM  aoffldeatly  gnu  to  aoabls  a  pair  al  tralu  to  tra 
jIliM  whboat  insraiTaikat  dalar. 

To  Bod  tlw  tiniB  Dcoo^td  in  tcBTSr^g  lb*  plana  unimpeded,  1 
Mai  walgliCortbanpautdiluam,  andoriiDlli  tnliu,  together  wi 
Might  of  the  paUlee,  LM  F  denote  the  txemt  at  tlw  tracUva 
l4t  L  b*  tb«  laivUi  oTtba  plana;  tbeo 
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P,  =  64  Ibe. 

V  ^  =  7*2  feet  per  second,  or  about  5  miles  an  honx; 

The  following  are  examples : — 

T,  hours  per  day, 4       4       4       i       i      i      i 

V,  miles  an  hour, 5       7i  10       5       7^  10    12J 

P,  ^ 

33  T20    88    56    24 


*,  tractive  force,  =  64  "^ 


It  may  be  observed  that  the  preceding  data  and  calcoktiotts 
have  reference  to  averctge  speeds,  and  that  the  horse  may  occanoD- 
ally  be  required  to  exert  from  once  and  a-half  to  doable  the  effoiti 
above  stated,  provided  that  he  is  allowed  to  slacken  his  speed 
daring  the  increased  effort,  and  that  the  additional  exeitioa  11 
kept  up  for  a  short  time  only. 

III.  Fixed  Steam  Engines  are  employed  for  the  most  part  on 
short  distances,  where  the  speed  is  moderate  and  the  indinatioii 
steep.  Their  power  is  usually  applied  to  an  endless  rope  niming 
on  sheaves,  like  that  of  a  self-acting  inclined  plane  (p.  636V  I%ft 
steam  engine  is  placed  at  the  top  of  the  asoent^  and  arives  a 
large  horizontal  cast  iron  pully,  from  5  to  10  feet  in.  diameter, 
having  three  or  four  grooves  in  its  rim.  This  is  called  the  drwMj 
puUy.  At  a  short  distance  in  front  of  that  pally  (that  is,  in  the 
down-hill  direction)  is  a  pully  one  or  two  feet  smaller  in  diameter, 
and  with  one  groove  fewer  in  its  nm.  This  is  called  the  Mintmaig 
fndly:  it  rests  on  a  small  four-wheeled  truck,  and  ia  pulled  awaj 
from  the  driving  pully  by  a  chain  and  weight,  the  weight  being 
sufficient  to  give  the  requisite  tension  to  the  rope,  which  is  canied 
round  the  grooves  of  the  two  puUies.  At  the  foot  of  the  indioed 
plane  the  rope  passes  round  a  third  horizontal  pnUy,  as  laige  as 
the  driving  pully. 

The  engine  works  to  the  best  advantage,  and  the  rope  is  letii 
strained,  when  one  train  is  ascending  and  another  desoendingaitfaff 
same  time. 

The  greatest  tension  on  the  rope  is  found  as  follows:— 

Let  P  denote  the  greatest  tractive  force  required  to  overooma 
gravity,  and  the  friction  of  the  train,  rope,  and  sheavesy  cate- 
lated  as  in  p.  636.  About  one-third  of  this  will  be  the  tendcA 
required  at  the  descending  side  of  the  rope,  to  give  saffiaest 
**bUe^^  or  adhesion  between  it  and  the  driving  pully,  so  t^ 
the  greatest  working  tension  at  the  ascending  side  of  the  vsp 
will  be  about. 


1-33  Pi" 

■sd  its  weight  per  foot,  if  it  is  made 
ihooM  be  1 -4500th  of  this.  The  puU 
foily  should  be  about 

2-74  P.* 

To  fioi)  the  indicated  hone-power 
vdocity  of  the  rope  in  feet  per  secoad 
X  1-466);  thea 

1-251 

I-n-p-  =  z-tt; 

fioO 

the  multiplier  I'S5  being  introduced 
friction  of  the  steam  engine  wastes 
power.  (As  to  "  Wire  Tramways,"  ae 
Another  mode  of  transmitting  the  j 
the  train  is  to  employ  the  engine,  hj 
banst  air  from  or  blow  air  into  &  tube, 
pelled  towards  or  from  the  engiuu-st 
pressure  behind  it  above  the  pressure  i 
a  brick  tunnel,  with  raits  laid  alon/i 
wheels  of  the  carriage  run;  and  the  p: 
end  of  the  carriage  next  the  blowing  e 
clearance  round  its  edge  to  prevent  rul 
The  edge  of  the  shipld  haa  a  cloth  frinj 
conveying  parcels  the  tunnel  is  al>out 
■pparatua  is  called  the  "  Pneumatic  D 

TV.  Loeomolive Engiftet. — Thetracti 
is  in  general  limited,  not  by  the  powei 
of  exerting — for  that  is  almost  alwaja 
any  load  that  it  ever  haa  to  convey — bi 
called,  or  force  which  prevents  tiie  dri 
the  laila 

The  adhesion  is  equal  to  the  weigl 
wheels,  multiplied  by  a  co-efficient  wh 
of  the  mirfiice  of  the  rails;  being  grea 
diy,  mud  least  when  they  are  wet  and  g 


*  TfieM  alcnUtioM  an  mida  on  the  mppra 
ttlBMU  tlu  wire  Top*  Bod  tba  driving  pully  ia  '1 
diMng  pullf,  and  lb«t  tfas  tendon  is  roads  jmt 
ptaetlce,  however,  tti>  not  nncoromon  to  >train  iht 
fall  iida  te  tqual  to  the  tnctivs  force;  and  In  tba 
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On  an  average,  the  adhesion  of  a  locomotive  engine  maj  ^ 
estimated  at  about  one-seventh  of  the  load  on  the  driving  ▼beeb; 
for  by  sprinkling  sand  on  the  rails  when  they  are  slimy,  or  if  tky 
are  icy,  directing  jets  of  steam  on  them,  it  may  in  genenl  be 
prevented  fi'om  falling  below  that  amount. 

In  order  that  the  rails  may  be  able  to  bear  the  load  on  tk 
driving  wheels  without  damage,  it  is  considered  advisable  that  tbe 
load  on  eocA  whed  should  not  in  ordinary  cases  exceed  5  tins  = 
11,200  lbs.  According  to  this  rule  the  limits  of  load  on  tbe 
driving  wheels,  and  of  tractive  foroe,  are 

Loftdoo  DrtTfBg  W]wd&  AA«*a 

(1.)  ForengineB  with  one  pair  of  driving  wbeeb, lo  toii8=:22y40O     poo 

(2.)  „  two  pain  of  driving  wheela,  ooopled,  20     „     44,800     6400 

<8.)  „  three  pairs  of  driving  wbedflfOoapIfld,  30     „     67,200     9,600 

<4.)  „  foorpainofdiivhigwbeeb^eoupled,  40     „     89,600   I2,&0 

Locomotive  eusnnes  are  seldom  made  with  fewer  than  flix  wheda 
Those  which  are  intended  for  the  propulsion  of  comparativdy  hgD* 
trains  at  hi^h  speeds  have  but  one  pair  of  driving  wheels  of  from 
5  feet  6  inches  to  7  feet  6  inches,  and  sometimes  even  8  feet  in  dia- 
meter. The  best  position  for  the  shaft  of  that  pair  of  wheeLi  n 
nearly  under  the  centre  of  gravity  of  the  engine,  in  which  case,  bj 
proper  adjustment  of  the  si^riugs,  it  can  be  made  to  bear  any  pro- 
portion of  the  weight  from  ^  to  \.  In  Mr.  Crampton's  fonn  of 
engine,  however,  that  shaft  is  placed  altogether  behind  the  boiler 
of  the  engine,  in  order  to  obtain  a  large  diameter  of  wheel  akmg 
with  a  low  centre  of  gravity.  Engines  for  goods  trains  of  moderate 
weight  have  also  iLsually  six  wheels,  two  ])airs  of  which  are  driving 
wheels,  of  5  feet  diameter,  and  are  coupled  together.  For  heavier 
goods  and  mineral  trains  engines  are  used  having  all  six  whe^ 
coupled,  and  usually  of  smaller  diameter,  such  as  4  j  or  4  feet,  and 
in  some  cases  of  engines  for  ascending  steep  inclined  planes,  3^  or 
3  feet ;  and  occasioually  the  wheels  of  the  tender  also  are  driven  bj 
steam  power.     (See  also  Addenda,  p.  794.) 

Weights  of  Engines  with  separate  Tendebs. 

(7^  Tender  weSghMfrom  10  to  15  Umt,)  Tom. 

Narrow  gauge  passenger  locomotives,  six-  )      •    to  •« 

wheeled,  with  one  pair  of  driving  wheels,  j        "       ' 

Do.  do.  do.       unusually  heavy,     34  to  17 

Broad  gauge  passenger  locomotive,  eight- \ 

wheeled,  with  one  pair  of  driving  wheels  >         35 
8  feet  in  diameter, ) 

Goods  locomotive,  fix>m  four  to  six  wheeb )  . 

coupled, /     27  to  3« 
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WsiaBTs  OF  Tajik  Esodies,  cakryimq  Foe 

For  light  traffic  on  branch  lines, 

For  heavy  traffic  on  ateep  IncliDed  planes,  i 

fi-um  6  to  12  wheels, 

In  compAring  the  tractive  force  of  a  loco 
limited  by  adhesion,  -with  the  resistance  and  gi 
which  it  is  to  draw,  it  is  obvious  that  the  reiiista 
and  concnsBion  of  At  engirie  itself  a  to  be  lefl  oi 
that  reaiiitanca  does  not  constitute  a  backward  j 
tending  to  make  the  driving  wheels  slip. 

It  appeare,  then,  that  the  availahle  traetieejoi 
engine  in  ascending  a  given  inclined  plane,  whic 
equal  to  the  resistance  of  the  heaviest  train  that 
to  be  found  by  Bubtrocting  from  the  adhesion  1 
the  weight  of  the  engine  which  acts  as  a  resista 
that  is  to  say, 
I.et  E  denote  the  total  weight  of  the  engine ; 
If  E,  that  part  of  the  weight  which  resi 

i,  the  une  of  the  inclination  of  the  railway 
F,  the  avulablu  tractive  force;  then 


.(;-<)^ 


The  following  are  examples  :- 


PasBenger  engines,  one  pair  of  driving  ( from 
wheds, \      to 

Goods  engines,  two  pairs  of  wheels  |  from 
coupled, \      to 

Goods  engines,  all  wheels  coupled, i 

By  an  inrention  of  Mr.  Ramabottom's,  the  tendi 
is  made  to  supply  itself  with  water  while  in  m 
tubular  scoop  which  dips  into  a  long  water-trou 
the  rails.  The  speed  ahould  be  at  least  22  a 
enable  the  apparatus  to  work.     (See  p.  802.) 

431.   BbI1b«  Utm*tatt»  mt  Ballwar*^ — The    gem 

nling  gradient,  and  of  the  principles  aoconlinj 
determined,  have  been  explained  in  Article  415,  j 

S^f-aUing  indined  platut  and  Jixed  engme  in 
exceptional  cases,  which  are  not  comprehended  i 
principles  according  to  which  ruling  gi^dienta  are 

fform^moer  is  a|^>licable  to  lines  of  short  lengtJ 
2t 
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only.  The  tnctiTe  foroe  wMcIl  a  horse  gul  exert  under  vtriovB 
circumstanoes  has  been  stated  in  Article  430,  Division  IL,  p.  637. 
The  mean  resistance  of  the  goods  and  mineral  wagons  oq  &  lerd 
may  be  taken  at  1 -250th  of  the  gross  load,  or  9  lb&  per  ton;  and  if 
the  passenger  carriages  are  carefully  constructed,  in  a  maxmer 
specially  suited  to  the  traffic,  their  resistance  may  be  taken  aft 
l-500th,  or  4^  lbs.  per  ton,  on  a  level  straight  line,  and  '0026S,  or 
l-373d,  or  6  lbs.  per  ton,  on  a  level  line  with  a  moderate  pro- 
portion of  curves  in  its  course.  It  appears  from  experience  that 
gradients  of  from  1  in  100  to  1  in  70  may  be  surmounted  without 
auxiliary  power,  provided  they  do  not  extend  to  a  distance  nf  more 
than  two  miles,  or  thereabouts,  at  a  stretch,  and  that  the  horse  is 
not  urged  to  a  higher  speed  than  he  naturally  assumes;  bat  for 
longer  ascents  it  is  advisable,  if  possible,  to  limit  the  steepness  to  1 
in  200.  On  ascents  of  from  1  in  50  to  1  in  40,  or  steeper,  either 
the  load  drawn  by  one  horse  on  other  parts  of  the  line  sboold  be 
divided  between  two,  or  an  auxiLiary  horse  should  be  harnessed  to 
each  carriage  or  train,  and  the  speed  should  not  exceed  a  walkiog 
pace.  Steep  ascents  for  veiy  short  distances  may  sometimes  be 
surmounted  by  taking  a  ''race"  at  them. 

In  fixing  the  ruling  gradient  of  a  locomotive  railway,  it  is  not  to 
be  suppos^  that  rules  deduced  from  the  general  principles  already 
expliuned  are  to  be  held  as  absolutely  binding.  Their  proper  nse 
is  to  guide  the  engineer,  when  no  cause  exists  sufficient  in  his  judg- 
ment to  warrant  a  deviation  from  thenu 

This  being  understood,  it  appears  that  there  are  four  thix^  to 
be  ada])ted  to  each  other, — the  greatest  load  of  a  train,  the  kasi 
speed  of  conveyance  in  ascending  declivities,  the  description  <£ 
engine,  and  the  ruling  gradient;  that  is,  the  steepest  gradient  up 
wluch  the  ordinary  traffic  is  conveyed  by  the  ordinary  engines  ci 
the  line,  without  the  aid  of  auxiliary  engines  specially  adapted  to 
steep  inclined  planes.  The  adaptation  of  those  four  things  to  each 
other  is  indicated  by  the  following  equation,  in  which  Mr.  Oaiks 
formula,  Article  428,  equation  3^  p.  633,  is  adopted  for  the  nsaOr 
aaoe  of  the  train : — 

Let  E  denote  the  weight  of  the  engine  (see  Article  430,  p  640). 
q  E,  the  part  of  that  weight  which  rests  on  the  driving 

wheels  (see  Article  430,  p.  641). 
T,  the  gross  weight  of  the  train  and  tender  (if  there  is  * 

tender).     As  to  the  proportion  of  gross  to  net  load,  see 

Article  429,  p.  635 ;  as  to  the  weight  of  the  tender,  ce 

Article  430,  p.  640. 
V,  the  least  speed  in  miles  per  hour  at  which  the  conditions  of 

the  ta^c  S-Imit  of  S^e  ruling  gn«iieut  beb,  «»*i 
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i  ruling  gradient  (whose  Inolii 

rill  be  described  aa  1  in  -:  t;  tben 

{■00268(l+^)+i}T.., 

■e  deduced  the  following  formnl 
>f  the  weight  of  the  engine  to  th 
e  reciprocal  of  that  ratio : — 

■O0M8(l  +  ,g-„)  +  i 


) +{00268  (l  +  ^„)+i} 
be  speed  of  ascent  Y; 

the  ruling  gradient  i; 

^«»('+ Rio) ''}*<*  +  '' 

k's  allowance  of  £0  per  cent  for  c 
i-eferred  to  in  Article  428,  p.  63. 
be  sobetituted  for  O0268  in  the  ] 

taken  as  examples  of  the  result! 
%  employed  being  equation  3 : — 
LE.  L  IL 

lur, 94        18 

Tods.       Toan 

=0  30 

r  conned  wheels,       a  4 

Tom.       Tom. 
oupled  wheels,...       10        3i 


63      15* 
79      191 
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The  thiBg  to  be  principally  considered  in  fixing  a  ruling  gift&nt 
is  the  traffic.  This  having  been  ascertained,  so  as  to  determine  the 
probable  gross  load  of  the  several  descriptions  of  passenger  ind 
goods  trains,  and  the  speed  at  which  they  are  to  ran  up  the  st^pot 
parts  of  the  line,  the  ruling  gradient  is  to  be  fixed  so  that  envies 
with  not  more  than  about  5  tons  of  load  on.  each  wheel  may  be  tUe 
to  draw  the  trains. 

It  is  in  general  bad  economy  to  incur  heavy  works  in  order  to 
ease  the  ruling  gradient,  merely  for  the  sake  of  enabUng  ligtii 
engines  to  convey  a  heavy  traffic ;  but  where  the  traffic  is  li^t, 
and  moderate  gradients  can  be  obtained  without  heavy  works,  liglit 
engines  may  be -used  with  advantage. 

431  A.  The  <^cttoM  •£  Bndcca  may  have  to  be  considered  in  ooo- 
nection  with  questions  respecting  gradients. 

The  immediate  effect  of  applying  brakes  is  to  stop  wholly  or 
partially  either  some  or  all  of  the  wheels  of  the  train,  so  that  th^  slide 
instead'  of  rolling  on  the  rails;  and  the  increased  resistance  thin 
produced  stops  the  movement  of  the  train  in  the  coonse  of  aiutf 
proportional  directly  to  the  speed  and  inversely  to  the  resistsnee, 
and  of  a  distance  proportional  directly  to  the  square  of  the  speed 
and  invetsely  to  the  resistance.  The  distance  in  the  course  of  whidi 
the  train  is  stopped  is  of  more  importance  practically  than  the 
time,  and  is  found  as  follows : — 

Let  f  be  the  proportion  which  the  resistance  produced  by  the 
brakes  b^rs  to  the  weight  of  the  train; 
V,  the  speed  in  feet  per  second;  then 

distance  in  feet  on  a  level  =  t;*  ^  64*4/'. (L) 

For  practical  purposes  it  is  more  convenient  to  state  the  velodiy 
in  miles  an  hour.     Let  Y  denote  that  velocity;  then 

distance  in  feet  on  a  level  =  V  -&.  30^  neaily.  ....(2.) 

There  are  self-acting  biukes,  operated  upon  by  the  buffExs,bj 
mechanism  worked  by  steam,  or  otherwise,  which  act  on  til  d« 
wheels  at  once.*    For  such  brakes  it  may  be  considered  that 

/'ss  •  14  nearly. (3L) 

It  is  not  considered  desirable  to  stop  a  train  much  m<»e  saddeoly 
than  these  brakes  do,  lest  an  injurious  shock  should  be  produced. 

For  ordinaiy  brakes,  worked  by  hand  in  carriages  called  **  hai^ 
Tans,"  the  value  of  y  may  be  estimated  as  ranging 

from  about  -031  to  -023; (i) 

,    •  See  Mr.  FairUIm*8  Report  to  the  Briluh  Attotiatim  m  Btakm,  K51 
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tiie  engine  as  a  carriage,  is  the  same  with  that  of  a  train  of  tht 
same  weight ;  the  second,  being  the  resistance  caused  bj  the  stnin 
on  the  mechanism,  bears  a  certain  proportion  to  the  whole  le- 
mstanoe  of  the  engine  and  train,  whether  arising  from  fricta, 
ooncussion,  or  gravity ;  and  that  proportion  appears  to  be  aboat  one- 
tiiird.  That  principle  is  expressed  by  the  following  fonuds  for 
the  gross  resistance  E,  of  an  engine  whose  weight  is  £,  dnwinga 
tender  and  train  whose  gross  weight  is  T,  at  the  speed  of  V  isb 
an  honr  up  an  incline  of  1  in  1  -&- 1 : — 

B=*(T  +  E)  {-00268(1  + jJgo)+*}' ^^^ 

or  if  R  is  in  lbs.,  and  T  and  E  in  tons» 

B  =  (T  +  E)'  {8  +  ^  +  2,987i}.* (i) 

Under  unfistvonrable  drcnmstances  *00402  may  occasionaUj  have 

y2  V2 

to  be  substituted  for  -00268,  and  12  -H  —  for  8  +  y^. 

"Far  a  descending  gradient,  each  term  in  %  is  to  be  subtracted 
instead  of  added. 

The  energy  exerted  by  the  engine  per  minute,  in  foot-pounds,  is 
the  product  of  the  effort  or  gross  resistance  in  pounds  and  speed  ia 
feet  per  minute;  that  is  to  say, 

88  VR; (3.) 

(one  mile  an  hour  being  88  feet  per  minute).     The  indicated  hon^ 
poweris 

88YR_YR  ... 

33,000  ~  375 ^  ' 

Let  A  be  the  area  of  each  of  the  two  pistons  of  the  engmc* 
in  square  inches;  p,  the  mean  effective  jrreseurCy  in  lbs.  on  the 
square  inch ;  c,  the  circumference  of  the  driving  wheels,  in  feet! 
ly  the  length  of  stroke  of  the  pistons,  also  in  feet;  also,  le^' 
be  the  diameter  of  the  pistons,  and  D  that  of  the  driving  wheelir 
then 

*  The  above  fbnnala  differs  from  tbat  of  Mr.  D.  K.  CltTk  in  the  UBff^ 
leipects: — One-third  is  added  to  the  trhole  resistance  of  tlie  m^tut  wtA  IM 
oQuideied  as  carriages,  whether  arising  from  friction,  concossioo,  or  gnvitr; 
in  lir.  Claric's  formula,  one-thiid  is  added  to  the  friction,  two-fifUa  to  tiia 
fAMp  ooDcnasioD,  and  nothing  to  the  reaistauoe  from  gravity. 


rowss  or  locohotivk  ekoci; 

Sp  A  =    ■ajl    "^^ 

Tin  mean  ipeed  ot  tbo  fistoaa  ia  l76lY-i-e; 

The  voiiime  auiept  through^  23  i  V  A       11 
bjf&apUumpermimU«,V  — g =  — . 


eu^^xi.  J 


If 


Example.  L 

Speeil  in  miles  an  honr, 34     . 

Ascending  gradient, I  in  133*3       '  * 

Weight  of  engine, 30  tons          30 

Weight  of  tender, ro     „            la 

Weight  of  train, 104     „          94S 

Circomferenoe  of  drivinK  )  e-   i 

rt<»l „}      »°f«"       "S 

Stroke  of  pistons, 9     »              ' 

Area  of  each  piston, 300  sq.  in.     aafi 

Efibrt  or  gross  resistance, ...  4,503  lbs.       9,9 

Mean  effective  pressure  in )  ,                    , 

lbs.  on  the  eqaare  inch,  f  5  3  »  7 
Uean    speed    of  pistons,  j 

feet  per  minnte, f  4      4              A 

Volume  swept  tfarongb  by  j 

pistons  in  cubic  feet  per  >  ii73'3            13 

minute, t 

Indicated  horse-power, s88                 i 

The  mean  etTective  pressure  of  steam  in  the  c 
bj  the  effort  required  to  overcome  the  resiatam 
formnls  and  calculations  jnst  given.  The  preae 
the  boiler  exceeds  the  mean  effective  pressure  i 
proportion  depending  on  the  ext«nt  ta  which,  t 
expansively,  and  various  other  circnmstancea 
practice  from  80  Iba,  to  140  lbs.  per  square  incl 
pheric  pressure.  In  some  cases  engines  have  bee 
■ore  of  200  lbs.  per  square  inch.  The  most  Co 
present  awi  from  100  to  120  lbs.    (See  p.  794.) 

The  speed  at  which  the  en^ne  runs  wbea  exi 
is  regulated  by  the  quantity  of  steam  at  the  reqn 
tlie  boiler  is  capable  of  produciDgj  which  qnanl 


! 
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quantity  of  fuel  that  can  be  burned  in  the  famace  in  a  given  time^ 
and  the  efficiency  of  that  fuel  in  producing  steam. 

The  consumption  of  fuel  by  locomotive  engines,  per  indicated 
horse-power  per  hour,  may  be  estimated  as  ranging  ^m  3  to  ^  Ibi., 
and  the  evaporation  from  7  to  9  lb&  per  lb.  of  fueL  The  whole  ar» 
of  heating  surface  in  ordinary  engines  varies  from  8C)0  to  2,000 
fquare  feet;  and  the  area  of  heating  suiface  for  each  lb.  of  fo«l 
burned  per  hour  varies  from  about  half  a  square  foot  to  1}  aquie 
foot,  and  is  on  an  average  about  one  square  foot. 

The  action  of  the  blast-pipe  gives  to  the  locomotive  engine  the 
power  of  adapting  its  consumption  of  fuel  to  the  work  which  it 
has  to  perform,  within  certain  limita  Hence  the  rapid  oonsnmption 
of  iuel  by  heavy  and  powerful  engines,  in  ascending  steep  indined 
planes,  is  to  a  great  extent  compensated  by  the  saving  which  takes 
place  in  descending. 

The  details  of  the  construction  of  locomotive  engines,  and  of  the 
action  of  the  fuel  and  steam  in  them,  belong  to  the  subject  ci  me- 
chanical engineering,  and  cannot  be  comprehended  in  the  present 
work.  For  information  respecting  these  matters,  see  Mr.  D.  E. 
Clark's  work  On  Railway  Afaclnnen/y  Mr.  Z.  Colbaru's  work  On 
Itoeamoiive  Engineering,  and  that»  of  the  Author  On  Prima  Movert. 

434.  Canrea, — I.  AddUtonol  Hesistance  en  Curves, — Curves  on  a 
line  of  railway  increase  the  resistance  to  an  extent  which  is  Bonie- 
what  uncertain.  From  experiments  made  by  Lieutenant  David 
Bankine  and  the  author  on  light  passenger  carriages  with  trolj 
cylindrical  wheels,  having  a  resistance  of  *002,  or  4^  lbs.  per  ton,  on 
a  level  straight  line,  it  appeared  that  the  additional  reaistanoe  was 


in  fractions  of  the  load,  3-3  -f-  radius  in  feet ; 

or,    '000625  -r  radius  in  miles;    }- (!•) 
or  in  lb&  per  ton,  i  '4  -£-  radius  in  miles.^ 

So  long  as  the  practice  prevailed  of  tapering  the  tires  of  wbe^ 
to  a  considerable  extent,  the  resistances  on  curves  and  straight  luua 
appear  to  have  been  nearly  equal ;  the  tapered  or  conical  form  sone- 
what  diminishing  the  resistance  on  curves,  while  it  oonsidenUy 
increased  that  on  straight  lines,  by  causing  the  carriages  to  move  in 
a  serpentine  course,  and  so  augmenting  the  resistance  due  to  con- 
cussion. But  since  the  taper  of  the  wheels  has  been  in  some  casts 
done  away  with,  and  in  others  made  very  slight  (about  1  in  40),  the 
resistance  on  straight  lines  has  become  sensibly  less  than  on  curvea 

Some  experiments  on  American  raUways  by  Mr.  Latrobe  giin^ 
for  the  resistance  due  to  curvature,  the  following  resulti  9^ 

•  Ranktne  On  CylMrical  WkeA.  1842. 
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in  fractiona  of  the  load,  1*36  4-  radius  in  fo«>t 

or,    '000358  ■*■  radiuH  in  mill 

or  in  lbs.  per  ton,  0578        -^  nidiua  in  mill 

The  smallnem  of  these  results,  compared  with  tho 
the  formnls  (1),  may  perh&pa  be  owiug  to  the  use  1 
arriagea. 

IL  Adaptation  oj  Vehidea lo  Curves. — Both  engioea a 
are  adapted  to  sharply  carved  lines  of  railway  by  m 
"bc^y  — a  truck  capable  of  turning  about  a  pivut  i 
poeitioDS  relatively  to  'he  carriage  or  engine  which  i 
A  long  passenger  carriage  is  supjwrted  on  two  fonr-whei 
we  near  each  end.  The  "Fairlie"  locomotive  eng 
parted  in  the  same  way ;  each  of  the  bogeys  has 
oriTen  by  an  independent  engine,  and  the  boiler  e 
are  in  the  middle.  (See  Tha  Engineer,  1870,  vol.  xxt 
Instead  of  bogeya  and  pirota,  Mr.  W.  R  Ada] 
pair  of  axle-boxes  for  the  leading  wheeln,  sliding 
guides,  whose  centre  is  at  a  point  near  the  mid 
earriaga  By  the  aid  of  such  contrivances  et 
eatriagea  are  enabled  to  pass  round  curves  of  radii 
3^  cluiias  (231  feet).  On  Biitiah  railways,  curves 
radii  than  10  ehaiua  are  of  rare  occurrence.  (See 
p.  791.) 

in.  Cnni  ^  Rails  of  a  CvTve. — This  term  denotes  th 
slope  which  b  given  to  the  surface  of  the  rails  of  a  cur 
to  counteract  the  tendency  of  the  carriages  to  go  straij 
and  so  to  leave  the  curve.  That  tendency  arises  from  t 
— from  the  centrifugal  force,  from  tho  paralleliam  of  th 
from  the  slip  of  the  wheels. 

Let  V  be  the  velocity  of  a  train  in  feet  per  second,  mi 
a  curve  of  the  radius  r  in  feet,  then  its  oenirifugal  force 
weight  the  proportion  of 

-^  ■  1- 

32-2  r        ' 

a&d  tluB  ia  the  ratio  which  the  eanl,  or  elevation  of  the 
the  inneriail  of  the  curved  line  of  rails,  must  bear  to  th 
tnuwvnse  distance  between  the  rails. 
If  Vbe^e  speed  in  miles  an  hour, 

V 
cant  for  centrifugal  force  ^  gange  X   ^-=—  nea 

Tbe  clear  gauge  is — 

On  British  narrow  gauge  railways, 4  feet  8} 

On  British  bmad  gauge  railways, 7  feet 

On  Irish  rtulway^ S  feet  3  L 
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One-lialf  of  tlie  cant  shonld  be  giyen  by  raising  the  outer  call 
above  tbe  level  of  the  centre  line,  the  other  half  by  deprcssiDg  the 
inner  rail  It  is  impossible  to  adjust  the  cant  alike  for  all  speeds; 
but  it  is  best  to  adapt  it  nearly  to  the  highest  speed  of  or&auj 
occurrence  on  the  line. 

For  example,  suppose  that  speed  to  be  40  miles  an  hour;  tiieo 
the  values  of  the  cant  for  centrifugal  foroe^  in  inches,  are  as  ibUovs 
for  different  gauges : — 

Gauge.  Cant  for  Geotiifiigal  Force,  in  Inches 

4  feet  8 1  inches.  6,ooo  -s-  radius  in  feet 

5  ,9    3       y,  6,720  -s-  radius  in  feet 

6  y,    o       „  7,68o  -T-  radius  in  feet 

7  ,,    o       jy  8,960  -f-  radius  in  feet 

The  tendency  to  leave  the  line  which  arises  from  tbe  axles  bong 
parallel,  instead  of  radiating  from  the  centre  of  the  curve,  cannai 
easily  be  distinguished  from  that  due  to  the  next  caua& 

The  tendency  to  leave  the  line  which  arises  from  the  slip  of  tbe 
wheels  is  produced  in  the  following  way : — ^The  outer  rail  of  any 
given  arc  of  the  curve  is  longer  than  the  inner  nil  in  the  ratio  of 

radius  +  gauge  :  radius ; 

and  while  the  inner  wheel  roUs  over  a  given  arc  of  the  inner  rail, 
the  outer  wheel,  if  it  be  of  the  same  diameter  with  tbe  inner  whed, 
has  to  slip  over  a  distance  equal  to  the  difference  of  the  lengths  of 
the  raOs.  Thus  is  produced  an  additional  resistance  to  the  adranoe 
of  the  outer  wheel  of  each  pair  of  wheels,  tending  to  make  the  frool 
end  of  the  carriage  swerve  outwards.  The  taper  or  conii^  of  the 
wheels  was  devised  to  prevent  this  tendency,  by  causing  the  outor 
wheel  to  run  on  a  portion  of  its  tire  of  larger  diameter  than  tfail 
on  which  the  inner  wheel  runs  at  the  same  tima  It  has  the  &- 
advantage  already  mentioned,  however,  of  increasing  the  osoUatkn 
or  sideward  swinging  of  trains  on  straight  lines.  The  tendencr  U> 
swerve  may  be  corrected  in  cylindrical  wheels  by  means  of  an  addi- 
tional cant,  which  throws  the  larger  proportion  of  the  weight  fm. 
the  inner  rail  The  additional  cant  required  for  that  paipose  w 
determined  expezimentcdly  by  Lieutenant  David  Ranlmie  and  ike 
author  for  carriages  moving  on  a  narrow  gauge  line  at  speeds  of  from 
3  to  12  miles  an  hour,  and  found  to  be  independent  of  the  ^eloatr, 
and  inversely  proportional  to  the  radius  of  the  curve;  being 
by  the  following  formula : — 

additional  cant  in  feet      =    600  4-  radius  in  feet;.  .^) 
M  „    in  inches  =:  7,200  -r- radius  in  feet;  (5  jl) 
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steepest  gradient  of  adjustment;  that  is,  the  greatest  diffenm  ^ 
indination  which  can  conveniently  be  given  to  the  outer  and  inner 
rail  in  changing  the  cant.  The  result  will  be  the  length  of  each  of 
the  curves  of  adjustment. 

According  to  Mr.  Froude,  the  gradient  of  adjustment  ahouli  not 
exceed  1  in  300.     Then, 

Length  of  curve  of  adjustment  =  300  X  greatest  change  of  cant  (6L) 

(3.)  Compute,  for  each  circular  arc  of  the  series  the  d^  as 
follows : — 

Shift  =  (length  of  curve  of  adjustment)^  ^  24  radius.  (7.) 

Then  shift  the  poles  by  which  a  given  circular  are  is  nuuked 
inwards  (that  is,  towards  the  centre  of  curvature  of  the  are) 
through  the  distance  computed  by  the  above  formula^  For  ex« 
ample,  in  £g.  276,  let  A  B,  B  C,  be  a  pair  of  consecative  drcakr 


Fig.  276. 

arcs,  marked  by  poles,  and  joining  each  other  at  their  point  d 
contact  B.  Let  B  E,  B  F,  be  the  sidfts  proper  to  those  two  arcs 
respectively,  as  computed  by  equation  7 ;  aAier  all  the  poles  have  bea 
shifted,  they  will  mark  the  arcs  D  £,  F  G,  having  a  gap  between  them 
at  £  F,  equal  to  the  sum  of  the  two  shifts,  if  the  arcs  are  corred  in 
reverse  directions,  or  the  difference  of  the  shifts,  if  the  arcs  tie 
curved  in  the  same  direction.  Straight  lines  are  not  to  be  shiM; 
so  that  where  a  curve  joins  a  straight  line,  the  gap  is  simplj  the 
shift  of  the  curve. 

(4.)  Set  out  the  "  curve  of  adjustment'*  I  H  K  as  follows:— For 
its  middle  point,  bisect  the  gap  E  F  in  H.  For  its  ends  I  and  K, 
lay  off  £  I  and  F  K,  each  equal  to  half  its  length,  as  computed  W 
equation  6.  For  intermediate  points  in  the  division  I  H,  kj  os 
ordinates  at  right  angles  from  a  series  of  points  in  the  cucdar  an 
I  E,  proportional  to  the  cubes  of  the  distances  from  I;  and  fst 
intermediate  points  in  the  division  K  H,  lay  off  ordinates  at  li^ 
angles  from- a  series  of  points  in  the  circular  arc  K  F,  propoctioaal 
to  the  cubes  of  the  distances  fix>m  K. 

The  following  is  a  formula  for  calculatmg  thooe  ordioatea^- 
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K  of  the  curve  of  a 
QoftheBhiiU; 
ured  on  the  drcnla 
u  tibe  case  may  be; 

4(xs 


»t  +  1,320  =  -STSf 
juBttnent,  a  =  '37G 


13-6)*  +  24  X  1,321 
aight  line,  this  is  nh 


(113-6/ 
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h  considerable  aootu 
<  of  straight "  has  b 
but  no  Buch  appp 
res  'with  straight  lin 
aame  direction. 
'  and  Gradienit. — i 
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.dvioable  to  avoid  ve 
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1  of  adopting  an  ni 
1  the  straight  parb 
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arriagos  'without  bo 
jys. 
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succeasivdy  Umch  three  straight  linesy  B  D,  D  E,  £  C,  fig^  S77t 
measure  the  middle  straight  line  D  E»  and  iihe  acateaaglHaiD 
and  E.     Then 


Radius  =  D  E  ^  (tan  -^  D  +  tan  ^  bV 


.(9.) 


which  having  been  computed,  the  curve  can  be  set  out  by  Mcdwd 
I.  of  Article  63,  p.  102. 

PnoBLEif  Second. — To  set  out  the  curve  of  sines,  or  hanmk 
curve,  proposed  by  Mr.  Gravatt.  This  curve  may  be  used  wiA 
advantage  where  there  is  clear  ground  and  sufficient  time  to  nngi 
it     Let  £  A,  C  A,  be  the  two  straight  tangents  to  be  ooniieded 


Fig.  277. 


Fig.  278. 


by  means  of  the  curve,  cutting  each  other  in  A.  Imj  oat  A* 
straight  line  A  D  E,  bisecting  the  angle  BAG,  and  choose  in  i^* 
point  D  for  the  curve  to  traverse.     Lay  off  the  distanoe& 

A  B  =  A  G  =  2-75193  A  D  -seci  B  A  C;.....(ia) 

then  B  and  G  will  be  the  ends  of  the  curve.  Gonceive  the  Ari 
B  E  G  to  represent  a  semicircle  stretched  out  straight^  and  diviM 
into  1 80  degrees,  and  lay  off  ordinates  at  right  angles  to  it  pcop^ 
tional  to  the  sines  of  arcs  marked  upon  it:  the  ends  cf  Ao^ 
ordinates  will  be  points  in  the  curve.  The  middle  or  longB^ 
ordinate  is, 


DE=  1-75193  AD; 


m 


Let  X  denote  any  abscissa  B  X,  measured  from  one  of  tbs  endb 
of  the  curve;  y,  the  corresponding  ordinate  X  Y;  then 


.(11) 


the  value  of  the  half-chord  B  E  being, 


acvna  or  BAawAT& 
B  E  =  2-75193  A  D  •  taa  | : 

Hw  iIucpMt  curvature  occurs  at  D,  where  I 
B 

DE'tan'^BAa 

If  the  cant  of  the  rails  at  D  is  adapted  to  1 
any  other  point  may  be  determiaed  with  8 
|>iactice  hy  making  it  vaxy  simply  as  the  ord 
the  curve  is  neatly,  though  not  eiactly,  tl 
of  uniform  section,  bent  by  meana  of  a  string 

pROBLEic  Third. — To  connect  a  circular  ati 
tuo  circular  arcs,  vihich  do  not  touch  or  cut  eaa 
dtutie  curve  (Mr.  Froude'a  curve  of  adjustmei 
maybe  taken  to  illustrate  the  esse  where  two 
directions  ai-e  to  be  connected;  fig.  279,  to  ill 
tvo  area  curved  in  the  same  direction  are  to  1 

Knd  the  pair  of  points  at  which  the  arcs  o 
IK  nearest  to  each  other.  This  is  best  doi 
pairs  of  points  at  which  the  lines  to 

be  connected  are  at  equal  distances  

■part;  the  pair  of  points  required     .-"""^y 
will  be  midway  between  those  two  /i, 

psiiB  of  points.     Let  E  and  F  be  the  / 

pair  of  points  thus  fonnd;  meaiwre  ° 

tie  ffap  E  F,  then  calculate  the  half- 
length  of  the  atme  of  adjtistmerU  by  means 
mitla,  in  which  r  and  r*  denoto  the  radii  of  the  s 


EI  =  FK 


■Vi^^^^Q 


the  sign  +  or  —  being  used  in  the  denomim 
directiona  of  curvature  are  reverae  or  similar, 
to  be  connected  is  straight,  1  -!-  r*  is  to  be  madi 
Quia  becomes 

E  I  =  F  K  =  VSES*-! 

fThe  ends  of  the  curve  of  adjustment  ma 
approximately,  by  finding  the  two  jinira  of  po 
tance  between  the  lines  to  be  connected  is  4  } 

The  curve  of  adjustment  is  now  to  be  set  o 
Division  I V.  of  this  Article,  pv  652. 

TIL  Enlargemejd'  of  Gauga  on  Curves.— 
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trains  to  pass  more  easily  round  curves,  it  is  the  practioe  of 
engineers  to  make  the  gauge  about  half  an  inch  wider  on  themtbiB 
on  straight  lines;  so  that  supposing,  for  example,  that  the  vMs 
have  half  an  inch  of  "play,^*  or  "d^irance"  on  straight  lines,  they 
will  have  an  inch  on  curvca 

YIIL  Legal  LimUcUiona  to  the  Sharpness  of  Curves, — ^Acoorfing 
to  the  Railway  Clauaes  Consolidation  Act  of  1845,  the  power  ojf 
diminislung  the  radii  of  curves  below  the  length  mailed  on  the 
parliamentary  plan  of  a  railway  is  thus  limited : — if  the  ndiis 
of  any  curve,  as  shown  on  the  parliamentary  plan,  exceeds  hilfi 
mile  (2,640  feet),  it  may  be  shortened  to  any  extent  whidi  does  bo( 
reduce  it  below  half  a  mile ;  but  no  radius  of  such  a  curve  is  to  be 
shortened  to  less  than  half  a  mile,  nor  is  any  radius  shown  as  less 
than  half  a  mile  to  be  shortened  to  any  extent.  These  restridioiii 
may  be  dispensed  witli  by  the  Board  of  Trade  upon  sufficient  ouae 
being  shown. 

435.  liAylBs  oat  umd  FonMUloa  of  Ballwrnya  ta  GwmamL — Sub- 
ject to  the  principles  respecting  gradients  and  curves  whidi  hiTe 
been  explained  in  the  preceding  articles  of  this  section,  the  genml 
principles  of  the  selection  of  the  course  and  the  formation  of  a  line 
of  railway  are  those  which  have  already  been  stated  in  Artides  413, 
414,  pp.  619  to  622,  and  the  other  parts  of  this  work  referred  to  in 
those  articles. 

The  following  principles  are  specially  applicable  to  n3* 
ways:— 

I.  The  Breadth  o/FarmaHan  or  Base  depends  upon  the  gauge,  or 
clear  distance  between  the  rails  of  a  track,  the  number  c^  tziGk% 
the  clear  space  between  them,  the  clear  space  left  outside  of  then 
for  projections  of  carriages  and  for  men  on  foot,  and  the  additkml 
space  requii*ed  for  the  slopes  of  the  " baUaat*'  the  side  drains,  tc 
The  following  are  examples  (see  also  pp.  792,  798) : — 

Single  LonSi  Grago.       gmsol       OAct. 

•  Ft    In.  Ft    In.  R.  b- 

Clear  space  outside  of  rail, 40  40  40 

Head  of  rail, o    2|  o    2(  o  H 

Oauge. 4    Si  S3  70 

Headofrail, o    2i  o    2i  o  H 

Clear  space  oatside  of  rail, • 40  40  40 

Least  breadth  of  top  of  ballast;  and  least) 

width  admissible  for  archways,  &c.,tn->  13    I  i       13    S          'S   5 

versed  by  the  railway, ) 

Spaces  for  slopes  of  ballast,  and  benches  f  from  3  104)^       mm           a   t 

beyood  them,  od  embankments, \     to  8  loj)       ^    ^           ' 

Totalbteadthoftopofembankmenta,   /^™      32    0}      '^    **         *♦  ' 


roBUATIOS  OF  BAILWAYS. 

Double  Ldte.  "J-^UJ^ 


Cluripue  onlMde  of  nil 4  o 

Had  of  nil, o  ai 

Gw8^ 4  8* 

Itadrfrul, o  al 

VUHetftaC'sdMiWtix/tti,') „...  6  o 

HndoTnU, o  2k 

G"g*, 4  8l 

Hcalori^ o  24 

CleiTipace  ontiide  of  rail, 4  o 

luMt  breadth  or  top  of  Imlliiat;  and  leul) 

wldlb  admlsiible  for  arcbwaj-t,  &c,  im-  >  Z4  3 

verwd  by  lbs  railwaj-, ) 

Spuaraiilop«sofbal1asLaadtreDcb«  (rrom  3  9^ 

tajDod  them,  OQ  embankmenls, \      lo  8  9) 

T<itilb™dlhoftopofBiDbantnienl»,  -f''"™  '^  °\ 


Cuttings  are  sometimes  made  of  a  width  al 
fqiial  to  that  of  tlio  embankments  on  the  aamc 
thcjhave  an  additional  width  ^iventothem,ami 
'  »s  much  03  9  feet,  in  order  that  there  may  be  th 
«ide  drains.  On  the  whole,  the  moat  common 
hath  embankmeuta  and  cuttings,  on  narrow  ga 

for  single  lines,     18  feet, 
for  double  lines,    30  feet. 

Arches  over  the  railway  are  seldom  mat 
tpaus  shown  by  the  foregoing  tables,  except  ii 
Bridges  over  narrow  gauge  lines  arc  usually  of 

over  a  single  line,    from  16  to  li 
over  a  double  line,  fiom  38  to  3i 

and  the   same  breadths  are  n])plicahle  to  cut 
walls,  and  rock  cuttings  with  vertical  or  nearlj 

II.  The  Formation  Level  is  from  Ij  to  3 
lielow  the  intended  level  of  the  rails,  accordinj 
permanent  way  (see  Article  G6,  p.  112),  and  ia 
some  distinctive  colour  on  the  working  Beotion 

III.  Side  Slope.^The  formation  or  base  is 
&11  from  the  centre  towards  the  sides  at  the  x 
to  &cilitate  drainage. 

IV.  Crosa  Drains. — Where  the  nature  of 
drains  nccessaty,  they  may  be  made  by  d 
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ihe  base  from  7  to  9  inches  deep,  and  from  3  to  5  yards  apart,  and 
filling  them  with  broken  stone. 

V.  Fositions  of  Stations  relatively  to  Gradients, — Althonf^  it 
may  sometimes  be  absolutely  necessary  to  have  statioEB  in  the 
course  of  steep  gradients,  the  engineer  should,  as  far  as  poeaaUe, 
avoid  that  necessity,  because  of  the  difficulty  and  inconvenience  of 
stopping  descending  trains,  starting  ascending  trains,  and  shifdsg 
carriages  at  stations  so  placed.  There  is  an  advantage  in  having  a 
station  at  a  summit  level,  because  the  gradients  facilitate  the  staotr 
ing  and  stopping  of  trains  in  both  directions. 

VI.  Legal  Limits  to  Powers  of  Deviatum. — In  Britain,  tbc 
ordinary  Umits  of  deviation  as  to  the  situation  of  a  lail^ 
are  100  yards  in  the  country  and  10  yards  in  towns  to  eitkr 
side  of  the  centre  line,  as  marked  on  the  parliamentaiy  plaOy 
and  such  limits  are  marked  on  the  plan.  Wider  limit^  in 
special  cases,  are  granted  by  special  enactment  upon  sofficie&t 
cause  being  shown ;  and  the  limits  may  be  restricted,  at  the  discre- 
tion of  the  promoters,  to  any  extent  consistent  with  the  ezecation  of 
the  work.  The  ordinary  limits  of  deviation  of  the  level  of  a  rail- 
way are  5  feet  in  the  country  and  2  feet  in  towns  above  and  bek>v 
the  level  of  the  upper  surface  of  the  raUs,  as  shown  on  the  parlia- 
mentary section.  Further  deviations  of  level  I'equire  the  sanctkm 
of  owners  of  property  affected  by  them,  except  in  the  case  of 
embankments  and  viaducts,  which  may  be  lowered  to  any  extent 
consistent  with  leaving  sufficient  headroom  for  roads. 

Gradients  less  steep  than  1  in  100  may  be  made  steeper  to  an 
extent  not  exceeding  10  feet  per  mile;  gradients  of  1  in  100,  or 
steeper,  may  be  made  steeper  to  an  extent  not  exceeding  3  feet  per 
mile;  gradients  may  be  made  flatter  to  any  extent. 

As  to  curves,  see  Article  434,  p.  ^6Q,  On  all  these  points,  see 
the  Raihjoayi  Clauses  Consolidation  Act,  1845. 

436.  CroMlnga  and  AUevatlmis  of  •tlier  lilaca  •€  CoMwyoi — 

I.  General  Explanations. — ^When  the  course  of  a  railway  croeaes 
that  of  a  previously  existing  line  of  land-carriage,  the  railway  maj 
either  be  carried  over  or  under  the  existing  line  by  means  <^  a 
bridge,  or  across  it  on  the  level  of  its  sur&oe.  When  the  line  of 
conveyance  to  be  crossed  is  a  canal  or  a  river,  the  railway  most  le 
carried  either  over  or  under  it.  In  order  to  fiudlitate  such  ac^^ 
ings,  it  may  be  necessary  to  alter  the  level  or  divert  the  comae  ci 
existing  lines  of  conveyance;  and  in  some  cases  a  diversion  of  tbe 
course  of  an  existing  line  of  conveyance  may  be  required  in* 
dependently  of  any  crossing;  and  for  all  those  purposes^  cuttiBfa 
and  embankments  are  required.  The  parts  of  a  road  whose  kvdi 
are  altered  for  the  purpose  of  carrying  the  rulwaj  acnas  it>  ^ 
called  the  approaches  of  the  crossing. 
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The  infonnation  -wliich  moat  be  given  od 
nulwaj  respecting  such  ftlteratiooa  of  exi 
cation  baa  iilreadj  been  referred  to  in  Art! 
poeed  diverwons  of  such  lines  should  be 
proposed  alterations  of  width  noted.  But, 
Rgard  to  all  matters  connected  with  th 
laentary  plans,  reference  should  be  made 
ptrliameot  themselves,  and  not  to  any  seco 
proTisions. 

As  to  working  sections  of  alterations  < 
manication,  see  Article  66,  p.  113. 

II.  Legal  Zimiiationa  afftcling  Crotgings 
wyaace. — In  order  fully  to  understand  t 
•re  regulated  by  law,  m  Britain,  the  aU 
Ctanses  Consolidation  Acts"  must  be  cone 
an  outline  of  the  more  important  of  the  lie 

A.  Lend  CromngB  of  public  carriage  ro 
individuaUy  authorized  by  the  special  act : 
nilway;  and  in  order  that  they  may  be  bo 
must  be  prepared  to  show  cause  for  using  ' 
and  to  prove  that  they  are  consbtent  wit 
level  cTossinga  must  be  provided  with  gatei 
to  be  kept  shut  across  the  road.  In  the  c 
public  roads,  those  gates  are  to  be  capable 
railway  when  the  passage  along  the  road  i 
be  a  lodge  or  box  for  a  gatekeeper,  and  a  i 

B,  Over  Bridget  {as  bridges  for  carryin 
are  called)  are  to  have  a  clear  width  o 
puapets, 

for  a  turnpike  road, 

for  any  other  public  carriage  i-oa 
provided  the  average  width  of  the  road  be* 
out  a  distance  of  oO  yoids  on  each  side  i 
railwny  is  not  less  tlian  35  feet  or  25  fi 
Should  the  average  width  of  the  road  be  1 
mentioned,  the  roadway  of  the  bridge  m 
equal  to  such  existing  average  width,  provi 
tl^  roadway  be  made  of  a  less  clear  width 

for  a  turnpike  road, , 

for  any  other  public  carriage  roi 

and  that,  if  at  any  future  period  the  roa 
tsilway  company  shall  be  obliged  to  widei 
30  feet  aa  the  case  may  be. 
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For  p^nvcUe  roads  the  prescribed  least  width  is  12  feet;  bat  this 
may  be  altered  by  special  agreement  between  the  proprietor  of  d» 
road  and  the  promotenB  of  the  railway. 

The  parapets  of  all  over  bridges  are  to  be  at  least  4  feet  liigb,&nd 
the  fences  of  their  approaches  at  least  3  feet  high. 

C.  Under  Bridges  (as  bridges  for  carrying  roads  under  the  nulwty 
are  called)  are  subject  to  the  same  conditions  as  to  width  of  road- 
way with  over  bridges ;  and  those  conditions  fix  the  least  ^an  of 
the  arch.     Its  height  is  subject  to  the  following  conditions:— 

For  a  turnpike  road  the  clear  headroom  is  to  be  at  leasts 
at  the  springing  of  the  arch,  12  feet ; 
throughout  a  breadth  of  12  feet  in  the  middle 
of  the  archway,  16  feet. 

For  any  other  piiblic  carriage  road  the  clear  headroom  is  t» 
be  at  least, 
at  the  springing  of  the  arch,  12  feet; 
throughout  a  breadth  of  10  feet  in  the  middle 
of  the  archway,  15  feet 


For  a  private  road  the  clear  headroom  is  to  be  at  least, 
throughout  a  breadth  of 
of  the  archway,  14  feet. 


throughout  a  breadth  of  9  feet  in  the  middle 


D.  The  inclination  of  an  altered  road  is  not  to  be  made  steeper, 
for  a  turnpike  road,  than  1  in  30; 

for  any  other  pubUc  U,,^  1  j^  20; 
caiTiageroad,...  )  ' 

for  a  private  road,  than  1  in  16; 

provided  that  the  undertakers  of  the  railway  shall  not  be  obliged  ta 
make  the  inclination  of  the  altered  road  easier  than  its  origiMi 
*'  mesne  "  inclination,  or  than  the  oiiginal  "  mesne  "  inclination  c^ 
the  road  within  a  distance  of  250  yards  fix>m  the  point  where  i« 
crosses  the  centre  line  of  the  i-ailway. 

(No  rule  is  prescribed  for  computing  the  "  mesne  "  inclination  rf 
the  road;  but  the  following  appears  to  be  as  little  open  to objectiM 
MS  any  that  can  be  devised.  Add  together  all  the  rises  and  all  tiie 
falls  of  the  portion  of  the  road  in  question,  and  divide  their  sum  If 
its  length.) 

K  The  rules  of  the  general  act  may  be  modified  or  set  aside  ia 
particular  cases  by  special  enactment,  upon  sufficient  canse  b«^ 
shown ;  and  in  the  case  of  crossings  of  private  roads,  cwiditirt* 
may  be  settled  by  agreement  between  their  proprietors  and  tk 
'^^•omotew  of  the  railway. 
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F.  A  anfficient  temjxrrary  road  muart  be  prori 
sent  road  is  complete.  In  many  cases  it  is 
divert  the  road,  and  use  tlie  original  roadv 
toad. 

G.  "Works  in  tidal  waters  must  bo  sanoti 
nJty. 

in.  TUe  Least  Dimenaiona  of  Under  Biidgts\ 
tlie  rules  above-mentioned.  The  following  an 
tbe  arches  aro  treated  as  segmental,  that  bei 
the  present  case.  The  rise  is  given  as  comput 
bis  work  &«  Railicay  En/jineering  in  Irdand. 

The  power  to  make  roadways  of  less  than  t 
of  3d  and  25  feet  in  certain  cases  is  of  no  avi 
bridges,  or  the  abutments  of  over  bridges,  becai 
enlarge  the  bridges  at  a  future  time. 

Brldga  nndn  Rdlvij  ■ndorer 

Sp»nr 

Kise, 

Cltar  headroom  in  centre^ 

Radius  orinlradoa 

Thlcknoa  of  arch-ring, 

Depth  nfCDHIing  of  puddle, 

Dqith  of  penoanent  wa;-.  Bay 

Total  h^bt,  roadway  lo  rdli, 


iddltiooal  depth  Id  >kew  bridges,  Ibe) 


aboTB  heiglit*  may  be  ineieaaed  lo. 
For  iron  mdt 

diminiahed 


brUgtt,  the  above  hdghti  may  be) 


Aa  to  the   least  dimentions  of  over  bridg' 
p,  426,  for  an  example  of  the  diraenaiona  of  th 

The  dear  hendroom  in  the  centre  is  iisaallv, 

To  thbail.!,  foi  the  thickDenoraBtoneiirch, 

„  „  „  pudJle  coaling, 

Total, 

For  an  iron  over  bridge  vilh  flit  gitdera  (he  dear 

nXHn  may  be  reduced  to  aboDt 

Ginkra  and  roadway,  lay 

Tolal, _ 
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The  platform  of  an  over  bridge  with  iron  girders  may  ooa^ 
either  of  a  series  of  transverse  brick  arches  spanning  across  betveen 
the  girders,  which  should  be  about  5  feet  apart,  and  be  held  together 
by  transverse  ties  sufEcient  to  resist  the  thrust  of  the  arches,  or  of 
cast  iron  plates  with  stiffening  ribs  above,  covered  with  a  layer  of 
asphaltic  concrete,  or  of  buckled  wrought  iron  plates,  covered  vitii 
a  layer  of  asphaltic  concrete.     (See  Article  375^  p.  545.) 

In  crossing  roadways  in  and  near  populous  towns,  where  ibe 
ordinary  dimensions  of  bridges  would  be  too  small,  the  width  of  the 
roadway,  and,  in  the  case  of  under  bridges,  the  headroom,  are 
usually  fixed  by  agreement  with  the  local  authorities. 

The  thickness  ofUie  abtUmerUs  of  ordinary  road  bridges  on  lines 
of  railway  is  usually  from  l-5th  to  l-6th  of  the  span,  and  the 
counterforts  are  altogether  of  about  one-third  of  the  volume  of  the 
abutments.  The  wing  walls  are  retaining  walls,  as  to  which,  eee 
Articles  265  to  268,  pp.  401  to  407.  In  ordinary  cases  their 
thickness  at  the  base  is  from  l-4th  to  3-lOths  of  their  height,  and 
about  one-half  of  that  amount  at  the  top,  diminishing  by  steps  or 
scarcements  at  the  back  of  the  wall;  the  &ce  has  a  batter,  of 
which  1  in  12  is  an  usual  value. 

Bridges  over  deep  and  wide  cuttings  may  have  three  or  five  ardie&. 

lY.  In  selecting  tlie  line  and  levds,  the  engineer  should  ha^^ 
regard  to  the  crossings  of  existing  lines  of  conveyance  which  may 
be  required,  bearing  in  mind  that  the  earthwork  of  the  approaches 
to  those  crossings,  owing  to  its  inconvenient  situation,  is  mon 
expensive  than  that  of  the  railway  itsel£  He  should  stady  to 
have  as  few  bridges  above  the  minimum  size  as  possible;  and  with 
that  view  he  should  endeavour,  as  fiatr  as  possible,  to  gain  the 
necessary  headroom  partly  by  means  of  the  elevation  or  depreesioii 
of  the  railway  above  or  below  the  existing  road^  and  pi^y  hr 
means  of  an  alteration  of  the  level  of  that  road. 

The  level  occupied  by  existing  lines  of  conveyance,  if  they  have 
been  well  laid  out,  is  usually  the  most  fistvourable  to  economy  of 
works;  and  for  that  reason  there  is  generally  an  advantage  in 
crossing  such  lines  on  the  level,  independently  of  the  saving  of  the 
cost  of  bridges ;  but  the  choice  between  level  crossings  and  bridges 
must  be  regulated  mainly  by  considering  whether  the  traffic  is  snci 
as  to  make  level  crossings  consistent  with  the  public  safety.  In 
comparing  the  cost  of  a  level  crossing  with  that  of  a  bridge,  regard 
should  be  had  to  the  necessity  of  having  a  gate-keeper  at  the  lerel 
crossing. 

When  the  level  of  an  existing  road  is  to  be  lowered,  special  care 
must  be  taken  that  the  cutting  for  that  purpose  can  be  properly 
drained. 

The  line  of  conveyance  which  causes  the  greatest  impedimeDito 
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.  railway  is  a  canal ;  for  it  usually  oc 
■able  level  for  economy  of  works;  ita 
ed,  nor  can  it  be  crossed  on  the  It 
1  near  its  own  level  by  uieaDa  of  i 
enient  if  the  traffic  is  great, 
bridge  over  a  canal,  the  span  ahonld 
lal  and  its  towing  path  without  c<: 
fl  must  be  taken  in  founding  the  al 
taL  To  prevent  the  escape  of  %?: 
ie  coffer  dams.  (Article  409,  ]>.  6! 
tally  fixed  by  agreement ;  in  ordina] 
>wing  path,  to  be  sufficient  for  a  man 
der  a.  canal  may  be  made  either  by 

or  by  making  a  temporary  or  perm 
nd  building  an  aqueduct  bridge; 
le  temporary,  will  bo  on  the  origina 
"manent,  on  that  of  the  diversion.  ( 
Further  considered  in  a  later  chapter, 
is  that  portion  of  the  fehuanent  wj 
firm  and  dry  foundation  for  the  r 
h  they  are  supported.  It  is  sometimi 
per,  or  under  ballast,  which  lies  wl 
r  supports  of  the  rails,  and  boxing,  o 

round  the  sleepers,  chairs,  and  rail 
hes  of  the  upper  surface  of  the  rails. 
Jie  breadth  of  the  upper  surface  of  t 
iven  in  Article  435,  pp.  656,  65 
nt  lines  and  accoi'ding  to  the  piact 
oUowing  may  be  token  as  its  orainai 
Feet.  Inches. 

Jlast, from      o       9    to 

Jlast,  or  boxing,     „         o       6     to 

iepth, „         1       3     to 

the  course  of  a  projected  railway 
ial  attention  to  the  sources  from  whi 

erial  is  stone,  broken  as  for  road  mc 
ounces  in  weight  (see  Article  42( 
at  need  to  be  so  hard  as  for  roads ;  i 
dness  as  would  make  it  suitable  for 
one  rearing  vithoat  danger  to  the  rider,  I! 
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ing  purposes.     Stone  that  decays  readily  by  the  action  of  air  and 
moisture  ought  to  be  carefully  avoided.     In  the  absence  or  Bcaidty 
of  suitable  stone,  the  slag  of  iron  works,  broken  to  a  proper  sis, 
may  be  used;   or  alum- work  refuse,  which  is  shale  burnt  to  the 
consistency  of  brick ;  or  engine  ashes.    Next  to  broken  stone  and 
slag,  as  a  material  for  ballast,  is  clean  gravel ;  the  lumps  exceeding 
G  ounces  in  weight  being  broken  with  the  hammer.     Clean  sbaip 
sand  may  be  us^,  but  it  has  the  disadvantages,  that  in  hea\7  Ms 
of  rain  it  may  be  washed  away,  and  that  in  very  dry  weather  it  is 
blown  into  the  air,  and  damages  the  rolling  stock  by  lodging  about 
the  bearings  of  the  axles  and  mechanism.     In  the  abs^ce  of  all 
other  materials,  pieces  of  clay  suitable  for  bricks  may  he  buTot 
until  they  are  hard,  and  then  broken  down  and  used  as  ballast 
As  to  the  qualities  of  such  clay,  see  Article  219,  p.  363. 

The  labour  of  breaking  and  spreading  a  given  quantity  of  balkst 
is  about  twice,  or  2^  times,  that  of  excavating  the  same  quantity  of 
graveL 

438.  Sleepers  are  pieces  of  material  which  rest  on  the  ballast, 
as  already  st;ited  (being  firmly  bedded  on  it  by  means  of  a  heetk), 
and  support  the  rails.  At  an  early  period  in  the  history  of  rail- 
ways, stone  blocks  were  used  for  that  purpose;  they  were  placed  at 
3  feet  apart  from  centre  to  centre,  and  measured,  on  horse-worked 
railways,  about  18  inches  X  12  inches  X  9  inches,  and  on  steam- 
worked  railways,  2  feet  X  2  feet  X  1  foot;  but  they  were  found  to 
form  too  hard  and  unyielding  a  base  for  traffic  at  high  speeds,  eveu 
with  the  aid  of  pieces  of  felt  under  the  chairs,  and  their  use  vas 
abandoned  in  favour  of  that  of  timber  sleepers. 

Tlie  best  materials  for  timber  sleepers  are  woods  which  withstand 
alternate  wetness  and  dryness;  and  of  those,  the  most  generally 
employed  in  Europe  is  Larch.  (Article  303,  p.  443.)  Various 
substances  have  been  used  for  the  preservation  of  timber  sleepers: 
the  most  efficient  is  "  creosote."     (Article  311,  p.  450.) 

Timber  sleepers  are  either  transvei'se  or  longitudinaL  The  former 
afford  a  ready  and  efficient  means  of  preserving  the  gauge:  the 
latter  give  the  most  equable  and  continuous  sup]K>rt  to  the  raili 

Transverse  or  cross  sleepers  are  usually  about  9  feet  long,  from  0 
to  10  inches  broad,  and  from  4^  to  5  inches  deep.  Their  mctz 
common  forms  of  cross-section  are  the  semicircular  and  the  tri- 
angular. Semicircular  sleepers  are  made  by  sawing  a  round  log  in 
two  along  the  middle;  they  are  laid  on  the  ballast  with  the  fit 
side  down ;  on  the  upper  or  convex  side  are  cut  with  great  accuracv 
two  flat  surfaces  or  "  seats,"  made  to  fit  the  bases  of  the  chairs,  if 
chairs  are  used,  or  of  the  rails,  if  flat-bottomed  rails  are  used  witk- 
out  chairs;  and  in  those  seats  are  bored  holes  for  the  pins  or  other 
fiistenings  by  which  the  chairs  or  rails  are  fixed  to  them.     Tri* 
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uigiilar  sleepers  are  made  by  sawiog  a  squared 
diagoDol  cnt;  they  are  laid  with  the  right  angl 
the  broadest  aide  tipwards.  The  distance  ape 
deepers  are  laid  ranges  from  about  2^  feet  t«  4  : 
centre ;  but  it  seldom  nov  exceeds  3  feet,  as  widi 
found  to  cause  oTeistmoiDg  of  the  rails. 

Longitudinal  eleepers  or  bearers  are  usually  frc 
broad,  and  from  6  to  7  inches  deep,  being  made  1 
balk  of  timber  in  two.  The  rails  may  either  '. 
bearing  on  them,  or  may  be  supported  by  chairs 
inches  or  3  feet  "When  the  bearing  is  contin 
bolt  or  screw  a  plank  of  7  or  8  inches  wide  and 
thereabouts,  on  the  top  of  the  sleeper,  and  npon  I 
of  the  rail  rests.  In  order  to  preserve  the  g 
longitudinal  bearera  of  a  track  of  rails  must  be  c< 
of  cross-ties  at  intervals  of  about  5  or  G  yards,  i 
be  taken  that  the  ballast  under  the  bearers  is 
water,  lest  they  should  confine  water  in  the  mid' 

Longitudinal  and  cross  sleepers  are  sometin 
cross  sleepers  being  laid  undermost.  In  this  caf 
the  cross  sleepers  are  made  less  than  when  cros 
alone,  being  usually  about  7  feet  X  7  inches  X  3, 

Cast  iron  sleepers  are  used  of  various  forms. 
forni  the  chair  and  sleeper  are  cast  in  one  pie 
like  an  inverted  bow],  near  the  summit  of  whici 
that  ballast  can  be  put  into  the  hoUuw  and  rar 
The  gunge  is  preserved  by  transverse  rods.  In  , 
the  rail  is  wedged  with  pieces  of  wood  into  a 
trough  with  flat  spreading  wings.  Another  foi 
oblong  plate,  with  chairs  cast  on  its  upper  side; 
oblong  trough  wedged  full  of  })ieccs  of  wood,  oi 
rest.     (See  Clark  On  Railway  Mackinert/.) 

43D.  BbIU  and  Chnii*— The  iron  from  which 
either  No.  1  bar  iron,  tliat  is,  puddled  bars;  or  1 
bar  iron  once  or  twice  jnled,  re-heated,  and  rolle* 
be;  so  that  the  rails  themselves  consist  of  No. 
bar  iron.  Piling,  re-heating,  and  rolling  increas 
and  toughness  of  iron  up  to  the  fifth  time,  as  alt 
Table,  p.  511.)  A  common  practice  is,  to  use  ] 
interior  of  the  pile  from  which  a  rail  is  to  be  ro 
No.  3  for  the  outside,  esi)ectally  the  ton  or  lie 
sometimes  a  flat  bar  of  charcoal  iron  is  used  for 
that  the  surface  on  which  the  wheels  roll  may  ha\ 
and  durability  than  the  rest 

To  use  inferior  sorts  of  iron  in  rails,  in  order  ti 
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falae  economy,  as  experience  has  shown;  the  rails  so  prodooed  boog 
liable  to  spread,  split,  and  scale  under  swifb  and  heavy  tnffia 

Fig.  280  is  an  example  of  an  ordinary  cioes-section  for  a  pile  of 
bars  to  be  rolled  into  a  rail;  the  top  and  bottom  being  each  foimed 
of  a  single  bar,  and  the  other  bars  bnilt  so  aa  to  break 
joint. 

The  dimensions  of  the  pile  range  from  6  indies 
broad  by  7  deep,  to  9  inches  broad  by  10  deep;  and 
its  length  is  such  as  to  make  its  weight  (mce  amd  «- 
gitarter  that  of  the  rail  to  be  rolled  from  it^  in  order 


Fig.  280.       to  allow  for  waste. 

The  rail  should  be  rolled  out  at  one  heat,  m- 
mediately  after  which  it  is  to  be  cut  to  the  proper  length,  by  sawing 
off  its  ends  with  a  pair  of  circular  saws,  already  mentioned  in 
Article  366,  p.  522.  The  ends  should  be  exactly  perpendicakr  ta 
the  length  of  the  raiL 

The  ordinary  lengths  of  rails  range  frt)m  15  to  21  feet 

The  sectional  area  of  a  rail,  in  square  inches,  is  almost  exutiy 
one-tenth  of  the  weight  of  one  yard  of  its  length  in  lbs. 

On  horse- worked  railways,  the  weight  of  the  rails  per  yard  noges 
from  28  lbs.  to  35  lbs.,  the  former  weight  being  barely  sufficient  for 
durability.  On  the  earlier  of  the  high  speed  locomotiye  liaes^  a 
weight  of  about  60  lbs.  to  the  yard  was  adopted;  but  the  coatinnal 
increase  of  the  weight  and  speed  of  engines  has  rendered  neoessuy 
a  continual  increase  in  the  weight  of  rails;  so  that  it  now  ranges 
from  70  to  100  lbs.  per  yard,  or  thereabouts. 

As  a  general  rule,  it  may  be  stated  that  the  ^eeighl  of  a  yard  ft 
railf  if  supported  at  vnJtervaLs,  sliould  be  15  Ihs.  for  each  ton  o/Ab 
greatest  load  on  one  driving  wheel.  When  the  bearing  is  oontinii0iB» 
about  five-sixths  of  that  weight  is  sufficient. 

The  head  or  top  of  a  rail  is  usually  about  2^  inches  broad,  u^ 
has  a  very  slight  convexity  in  the  middle,  the  radius  of  which  is 
from.  5  to  7  inches.  In  laying  the  rails  they  are  carefdlly  adjusted 
to  the  true  gauge  by  means  of  a  gauge-rod  with  shoulders  on  it  at 
the  proper  distance  apart.  On  straight  lines  the  heads  of  the  two 
rails  should  be  exactly  at  the  same  level,  and  in  curves  they  shoold 
be  set  to  the  proper  "  cant,*'  as  already  explained  in  Article  454, 
p.  649.  If  cyHndirical  wheels  are  used  for  the  rolling  stock,  tKa 
highest  part  of  the  head  of  each  rail  should  be  a  tangent  to  a  le^ 
line,  or  a  line  inclined  at  the  proper  cant,  as  the  case  may  be;  bat 
if  the  wheels  are  tapered,  the  rails  must  be  inclined  inwmrds 
towards  each  other  so  as  to  be  tangents  at  their  highest  points  to 
the  conical  treads  of  the  wheels.  This  inward  inclination  is  given, 
where  chairs  are  used,  by  casting  the  chairs  so  that  their  Java  may 
^'^\d  the  rail  in  the  proper  position. 
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chair,  for  supporting  tbe  ends  of  two  adjoining  rails,  is  firom  ma- 
third  to  one-half  heavier,  and  its  outer  end  is  usually  festenel 
down  by  two  pins  instead  of  one.  Fig.  282  represents  a  sort  of 
joint-chair,  introduced  by  Mr.  William  Johnstone,  which  has  been 
found  to  answer  well;  it  is  slid  on  to  the  rails,  which  itsjairefo 
exactly. 

It  has  now,  however,  become  very  generally  the  pradace  to  coo- 
nect  adjoining  rails  by  the  fish-joint;  the  ends  of  the  rails  being 
supported  by  a  pair  of  ordinary  chairs,  which  they  overhang  by  13 
or  15  inches,  and  being  united  to  each  other  by  a  pair  oifithrjneeOt 
about  18  or  20  inches  long,  bolted  together  through  the  rails  by 
four  bolts.  Fig.  283  shows  in  cross-section  the  figure  of  which  the 
fish-pieces  are  made  in  order  that  they  may  abut  at  their  upper  and 
lower  edges  against  the  head  and  foot  of  each  rail,  and  thus  be 
wedged  into  their  places.  The  bolt-holes  in  the  rails  are  made 
slightly  oblong  horizontally,  to  allow  for  changes  of  length  by  beat 
and  cold,  which  may  amount,  in  ordinary  cases,  to  about  l-2000th 
or  l-2500th  of  the  length  of  each  rail  (p.  527). 

Fig.  284  is  the  bracket  fish-joirU,  in  which  the  fish-pieces  are  of 
angle  iron,  and  answer  the  purpose  of  a  joint-chair;  their  hori- 
zontal bases  being  bolted  down  to  a  pair  of  cross  sleepers. 

Among  rails  which  are  supported  on  a  broad  base  toUhaiU  €hair$ 
may  be  mentioned  the  foot  rail,  ^g.  285,  which  is  fastened  down  by 
means  of  fang-bolts  to  longitudinal  or  cross  sleejiers;  tbe  bridg9  r<ul 
(fig.  229,  p.  518),  and  the  Barlow  rail  (fig.  230,  p.  518). 

Bridge  rails  are  made  from  3  to  5  inches  deep,  and  from  7  to  6 
inches  in  breadth  of  base,  and  are  bolted  to  the  sleepers,  either 
through  slightly  oblong  holes,  or  by  fang-bolts  holding  down  the 
edges  of  the  base.  When  supported  on  a  continuous  bearing,  they 
weigh  about  65  lbs.  per  yard ;  when  supported  at  inter\'als  on  cross 
slee])ers,  82  lbs.  per  yard.  In  the  latter  case  each  joint  is  secnred 
by  holding  the  bases  of  the  two  rails  between  a  pair  of  cast  iron 
jaws,  dmwn  together  by  transverse  bolts  which  pass  under  the 
rails.  (This  system  was  introduced  by  Sir  John  Macneill,  and  is 
used  on  Irish  linos). 

The  Barlow  rail  is  now  made  with  a  portion  of  each  wing  flat 
and  horizontal,  so  that  it  approaches  somewhat  nearer  u>  the 
bridge  shape  than  fig.  230  shows.  It  is  about  a  foot  brofiid,  ^ 
or  G  inches  deep  over  all,  and  weighs  from  90  to  100  lbs.  per  yard. 
It  rests  directly  on  the  ballast,  without  sleepers  or  chairs,  and  the 
gauge  is  preserved  by  means  of  cross-ties  of  angle  iron-  The  ji»in» 
is  in  fact  a  sort  of  fish-joint,  the  ends  of  the  i-aila  being  connected 
together  by  being  bolted  through  oblong  holes  to  a  saddle-pi^ 
3  feet  long,  which  is  a  bar  somewhat  resembling  the  rails  in  cro*- 
■ection,  and  made  exactly  to  fit  the  hollow  at  the  under  side  of  the  rd. 
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connected  together  and  worked  by  the  same  handle,  or  by  meamcf 
a  switch  at  the  side  from  which  a  carriage  leaving  the  noin  line 
turns,  and  a  fixed  fcifd  at  the  other  sida  The  former  a^lOg^ 
ment  is  considered  the  safer  where  the  speed  of  the  traffic  is  great 

On  a  narrow  gauge  line,  the  ordinaiy  distance  between  the  tip  c£ 
the  switch  and  the  crossingy  where  the  two  tracks  finally  become 
clear  of  each  other,  is  about  SO  feet,  so  that  if  one  of  the  trub  is 
straight  the  other  has  a  curvature  of  about  640  feet  radios. 

Switches  are  made  self-acting  by  a  weight  which  pulls  thou  inift 
that  position  which  stdts  the  main  stream  of  traffic,  so  that  tiief 
require  to  be  held  by  force  in  the  contrary  position.  The  huidlei 
by  which  switches  are  worked  are  so  shaped  and  painted  that  their 
position  can  be  distinctly  seen  from  a  considerable  distanca 

It  was  formerly  the  practice  to  notch  the  sides  of  the  fixed  nub 
80  as  to  receive  the  tips  of  the  switches;  but  this  has  been  rendered 
unnecessary  by  the  introduction  of  an  improved  form  of  switch* 

As  fJEur  as  possible,  switches  on  the  main  tracks  of  a  line  of  nil* 
way  should  point  in  the  ordinary  direction  of  the  traffic  ;yaafi^ 
paints,  as  those  which  point  in  the  contrary  direction  are  calkd, 
should  only  be  used  in  cases  of  necessify,  and  then  with  precautioiii 
sufficient  to  obviate  the  risk  of  a  train  being  accidentally  tunied  on 
to  a  wrong  Una 

II.  A  connection  between  two  parallel  lines  of  rails  is  usaallj' 
made,  where  thei'e  is  room  enough,  by  means  of  an  oblique  line  of 
rails  with  switches  at  each  end.  On  the  narrow  gauge,  the  leugdi 
of  such  a  connection  is  about  180  feet 

IIL  A  traverser  affisrds  the  most  convenient  mode  of  shifiiog 
carriages  between  parallel  lines  of  rails  at  a  terminal  station,  vhere 
there  is  not  room  enough  for  an  ordinary  connection.  It  is  a  pblr 
form  supporting  a  line  of  rails,  long  enough  for  a  carnage  to  stand 
upon,  and  supported  on  wheels  which  roll  on  a  transverse  line  of 
rails  at  a  lower  level 

I Y.  Turntables  serve  to  connect  lines  of  rails  which  cross  mA. 
other  at  right  angles,  or  which  radiate  from  a  central  point  A 
turntable  consists  essentially  of  the  following  parts : — ^A  foondatiai 
of  masonry  or  concrete,  a  circular  cast  iron  base,  having  a  pivot  in 
the  centre,  and  a  race  or  track  for  rollers  round  the  ciicumferenoe; 
a  set  of  conical  rollers,  carried  in  a  finame  which  turns  ahout  the 
pivot;  a  deck  or  platform,  supported  on  the  pivot  at  its  centre  and 
on  the  rollers  at  its  circumference,  carrying  one  or  more  hnes 
of  rails,  and  provided  with  one  or  more  catches  to  fix  it  in  di^ 
ferent  positiona  The  greater  the  proportion  of  the  wcij^t  bon* 
by  the  pivot,  and  the  less  that  borne  by  the  rollers,  the  leas  is  ti* 
fnctioD. 

*  Tlrrt  fnlrniliinfiil  lij  iriiii  TTmiumi  mfl  Myi 
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CHAPTER  11. 

OP  THE  COLLECrriON,   CONVEYANCE,   AND  DISTBIBUTION  OP  WATEL 

Section  L — Tlieory  of  the  Flaw  of  Wales'^  or  of  UydradieL 

443.  Prctaare  of  iTater — Head. — The  laws  of  the  pressure  of  a 
mass  of  water,  when  at  rest,  against  any  surface  whidi  it  toadies, 
have  ali'eady  been  explained  in  Article  107,  pt  164. 

In  all  questions  of  hydraulics,  it  is  convenient  to  express  the 
intensity  of  the  pressure  of  water  in^ee^  oftoater;  that  is,  in  tem^ 
of  the  intensity  of  the  pressure  of  a  column  of  water  one  foot  high 
npon  its  base,  as  an  unit.  A  pressure  so  expressed  is  sometime 
called  a  liead  of  pressure.  In  p.  161  two  values  of  that  unit,  for 
pure  water  at  the  temperatures  of  39^*1  and  62^  respectively,  have 
been  compared  with  other  units;  in  the  following  table  a  com- 
parison of  the  same  sort  is  given  in  greater  detail,  the  heavi- 
ness aasigned  to  pure  water  being  62*4  lbs.  per  cubic  foot,  which 
is  almost  perfectly  exact  at  a  temperature  of  about  52**-3  Fahren- 
heit, and  near  enough  to  the  truth  for  practical  purposes  at 
other  temperatures,  and  is  also  a  convenient  value  for  calcu' 
lation : — 

CoiTPARisoN  OP  Heads  op  Wateu  in  Feet,  with  Peessubes  d 

Yarious  Units. 

One  foot  of  water  at  52°-3  Fahr.  =62*4     ^  lbs.  on  the  square  ft^'- 
„  „  o'4333  lb.  on  the  square  incL 

„  „  0*0295  atmosphere: 

„  ^  0*8823  inch  of  mercurrat  3:  • 

f  feet  of  air  at  'z^^  a^i 
"  **  773  "j      one  atmospheit. 

One  lb.  on  the  square  foot, o •© 1 6026  foot  of  water. 

One  lb.  on  the  square  inch, 2*308        feet  of  water. 

O ne  atmosphere  of  2 9  -9  2  2  inches  ) 

of  mercury,  j  ^^  ^ 

One  inch  of  mercury  at  32®, i'i334        >» 

One  foot  of  air  at  <52°,  and  one  ) 

atmosphere, /  o-oo"94    „ 

One  foot  of  average  sea  water, ....  i  -026        foot  of  pure  «iJ* 
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The  TOTAL  nzAii  of  a  given  particle  of 
toj^ther  the  following  quantities: — 

The  head  of  preuure,  or  intengity  of 
tbe  particle,  expressed  in  feet  of  wi 

The  fisad  of  devotion,  or  actual  heig 
some  fixed  or  "  datum"  level. 

In  stating  the  presHure  or  head  of  a  pai 
not  to  include  the  abmoaplterie  pretsure,  cc 
pressure  exceeds  the  pressure  as  stated  i 
one  atmosphere.  When  the  atsolute  pre* 
iphere,  the  pressure  as  stated  in  the  cue 
vhen  the  absolute  falls  short  of  the  ati 
manj  lbs.  on  the  square  inch,  or  so  n 
cnstomai;  mode  of  stating  that  fact  ia 
>o  many  Iba.  on  the  square  inch,  or  so  mai 

The  atmospheric  pressure,  at  the  level 
about  32  to  35  feet  of  water,  and  diminif 
MOOth  part  of  itself  for  each  2C2  feet 
level. 

444.   TvlaiM)  natl  Dlitu  TelacKr  af  Floi 

or  discharge  of  a  stream  of  water  is  espre 
per  unit  of  time. 

The  most  convenient  unit  of  volume  i 
calculations  relating  to  the  water  supply  < 
to  U!<e  the  gaUim. 

The  following  is  the  relation  between  tl 

One  gallon  =  01604  cubic  foot  (being  1 
One  cubic  foot  =  6 '2355  gallons; 

but  in  ordinary  calculations  respecting  wat 
accurate  to  make  one  gallon  ^  0'16  cubic 
=  6^  gallons. 

Of  different  vniu  of  time,  the  second  i 
mechanical  calculations;  the  ininiile  is 
stating  the  discharge  of  streams;  the  ho 
periods  are  used  in  calculations  as  to  drain 

The  variety  of  unitt  of  diadiarge  is  thi: 
foot  per  second  is  the  most  convenient  in  n 

The  mean  vdocily  of  a  stream  at  a  given 
dividing  the  discharge,  or  volume  of  flow, 
section,  and  is  most  conveniently  expressei 

445.  OrcateM  ■■■I  I<«Bai  VcIocIiIh. — Zuf 
of  fluid  that  flows  in  a  channel  is  retards 
2x 
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material  of  the  channel,  the  velocity  of  the  fluid  particles  is  M- 
ferent  at  different  points  of  the  same  crosa-section,  being  greatest 
in  the  centre  and  least  at  the  border.  In  open  channels,  li^ 
those  of  rivers,  the  ratio  of  the  mean  velocity  to  the  greatest  or 
central  velocity  is  given  approximately  by  the  following  foimukcf 
Prony : — 

mean  velocity  greatest  velocity  +  7*71  feet  per  second  ,, . 

greatest  velocity     greatest  velocity + 1 0  '28  feet  per  second'  ^  ' 

The  least  velocity,  or  that  of  the  particles  in  contact  with  the 
bed,  is  about  as  much  less  than  the  mean  velocity  as  the  greatest 
velocity  is  greater  than  the  mean.  In  ordinaiy  cases,  the  kask, 
mean,  and  greatest  velocities  may  be  taken  as  bearing  to  each  other 
nearly  the  proportions  of  3,  4,  and  5,  In  very  slow  currents  th^ 
are  nearly  as  2,  3,  and  4.    (See  p.  792.) 

446.   Geacna  PrOnciplrs  of  Steady  Flaw. — The  steadj/ moiism  oi  9l 

mass  of  fluid,  as  distinguished  from  unsteady  motion,  means  that 
kind  of  motion  in  which  the  velocity  and  direction  of  motion  of  a 
particle  depend  on  its  position  alone,  and  not  jointly  on  positioQ 
and  time;  so  that  each  particle  of  the  series  of  particles  which 
successively  come  to  a  given  point,  assumes  a  certain  velocity  and 
direction  of  motion  proper  to  that  point.  It  is,  in  short,  the 
motion  of  a  permanent  current,  as  distinguished  from  that  of  a 
varying  current,  or  that  of  a  wave. 

In  order  to  acquire  velocity  from  a  state  of  rest,  or  an  increase  uf 
velocity,  a  fluid  particle  must  pass  from  a  place  of  greater  total  head 
to  a  place  of  less  total  head.  This  it  may  do  either  by  actual 
descent  from  a  higher  to  a  lower  level,  or  by  passing  from  a  place 
of  more  intense  pressure  to  a  place  of  less  intense  pressure,  or  by 
both  those  changes  combined.  The  loss  of  head  thus  incurred  is 
connected  with  the  velocity  produced  by  the  following  laws : — 

I.  In  a  liquid  without  friction  the  loss  of  head  in  produciBg  a 
given  inci-ease  of  velocity  is  equal  to  the  height  of  vertical  £all  which 
would  produce  the  same  increase  of  velocity  in  a  body  falling  freely; 
in  other  words,  the  loss  of  head  is  equal  to  the  heigJU  due  U>  th» 
accderation;  and  if  the  particle  starts  from  a  state  of  rest,  that  height 
is  called  the  h^hi  due  to  the  velocity/,  and  is  given  by  the  f<d)ov- 
ing  formula,  where  v  is  the  velocity  in  feet  per  second : — 

height  in  feet  =  t^  ^  64*4 (1.) 

II.  If  the  motion  of  the  liquid  is  impeded  by  friction,  there  ii^  aa 
additional  loss  of  head,  bearing  to  the  height  due  to  the  velocity  d 
flow  a  certain  proportion,  depending  on  the  figure  and  dimeosiaai 


p  =  8-025  1 
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of  the  channel  and  openings  traversed  b^  t 
orcomatancea. 

The  oombinatioQ  of  those  two  priaciples  n 
Let  &  denote  the  lou  ofhiad,  in  feet;  then 

in  which  P  is  a  iactor,  determined  by  experi 
proportion  which  the  losa  of  head  by  frictio 
aoe  to  the  velocity. 

The  inverse  formula,  for  finding  the  velo 
head,  is  aa  follows : — 

V  i+r 

The  velocity  computed  from  a  given  heigh 
that  there  is  no  iriction,  by  tbe  formula  e  ^  S 
called  the  "theoretical  velocity." 

In  an  open  channel  the  loss  of  head  h  coi 
Dution  of  the  "  head  of  elevation,"  and  is  the  a 
aorface  of  the  stream.  In  a  close  pipe  it  i 
partly  of  diminution  of  the  "head  of  pressui 
virtmU/aU.     To  express  this  in  symbols. 

Let  Hj^  denote  the  elevation  above  a  fixed  d: 

Pi,  the  head  of  pressure  at  a  point  i 

wliich  a  pipe  is  supplied,  the  vi 

being  insensible,  so  tliat 

»i-\-  p^ia  the  lolal  head  in  slUl  vxUer; 

z  denote  tbe  elevation  above  the  datum 

p,  the  bead  of  pressure  at  a  given  point 

the  loss  of  head,  as  computed  by  « 

the  total  head  at  this  point  is, 

iB  +  p  =  2, +pi  — A; 

and  the  pressure^  in  feet  of  water,  is 

P  =  ^-\-p^  —  i  —  h. 

The  pressure  <rf  flowing  water,  as  thus  d 
head,  is  called  htdraitug  pressure,  to  dist 
l^eanire  of  still  water,  called  kydro^atie  pr«es 

In  an  open  channel,  equation  5  is  simplifiei 
tbe  upper  surface  of  the  stream,  and  all  sitrft 
nmply  ^  ^  —  2;  BO  that  j>  ^Pn  if  the  twc 
deptlu  bdow  the  sur&oe. 
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Tf  the  water  lias  a  sensible  velocity  of  flow  at  tJte  «toi«y 
poifUf  the  loss  of  head  i*equired  is  diminished  to  the  extent  of  the 
height  due  to  that  vdacUy  ofapprocuH^  as  it  is  called.  Thus,  letti 
be  the  velocity  of  approach;  then,  instead  of  equation  2,  weiiMist 
use  the  following : — 

*  =  (l  +  ^^-6?4' ^"-^ 

and  if  Vq  bears  a  hnovm  ratio  to  t?,  let  that  ratio  be  Vq  -4-  v = i*;  ^^ 
the  above  equation  becomes, 

A  =  (l  +  F-^)^; (7.) 

which  gives,  for  the  inverse  formula, 

V    1  +  F  — »^  ^  ' 

When  a  stream  flows  with  an  unifornh  speed  down  an  «7i(/or» 
channel,  and  two  cross-sections  of  that  channel  are  compared  together, 
the  velocities  Vq  and  v  are  equal,  and  r  =  1 ;  in  this  case,  the  %M^ 
loss  of  head  between  the  two  cross-sections  is  expended  in  overcomiDg 
friction;  and  equations  7  and  8  are  reduced  to  the  following: — 

^  =  F  i^  -f-  64-4; (9.) 

17  =  8025  jriTY. (10.) 

The  following  table  gives  examples  of  heights  in  feet  due  to 
velocities  in  feet  per  second,  as  computed  by  equation  1.  It  » 
exact  for  latitude  54°J,  and  near  enough  to  exactness  for  prtctial 
purposes  in  all  latitudes  The  most  convenient  table,  however,  fof 
calculating  either  heights  from  velocities  or  velocities  firom  heigbts 
is  an  ordinary  table  of  squares  and  square  roots: — 

«  7i  V  ft  V  ft  «  A  9  I 

1  •01553  17        4*4876  32"2     16-100  48     35776  76       89-6^ 

2  •0621 1  18        5*0311  33        16-910  49     37*283  78       94472 

3  •13975  19  56056  34  17-950  50  38-820  80  99*379 

4  '24845  20  6-21 12  35  19-022  52  41-987  82  104*41 

5  '38820  21  6*8478  36  20*124  54  4V280  84  109*56 

6  '55901  22  7*5155  37  21-257  56  45*695  86  I14'€4 

7  -76087  23  8-2143  38  22-422  58  52-235  88  120*25 

8  '99379  24  89441  39  23*618  60  55-901  90  1257S 


•01553 

17 

-06211 

18 

•13975 

19 

•24845 

20 

•38820 

21 

•55901 

22 

-76087 

23 

•99379 

24 

1-2578 

25 

15528 

20 

18789 

27 

2^60 

28 

2-6242 

29 

3*0435 

30 

3-4938 

31 

3*9752 

32 

9  1-2578  25  97050  40  24-845  62  59*688       92    131-45 

10  15528  26  10-497  41  26-102  64  63^602       94    ijT'so 

11  18789  27  11-320  42  27-391  64-464-400       96    I43'K> 

12  2^60  28  12-174  43  28-711  66  67-640        98    14913 

13  26242  29  13059  44  3ox)62  68  71*800      100    I55"» 
»4  3*0435  30  13-975  45  31*444  70  76-087 
'5  3-4938  31  14-922  46  32-857  72  80-496 
«6  3*9752  32  15-901  47  34*30i  74  85-029 

(See  p.  d04.) 
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447.  Frteiin  mC  Waler. — The  following  . 
fcctor  of  friction  F  in  the  foi-mulie  of  Articli 
experiment,  for  the  cases  of  most  common  oi 

L  Friction  of  an  oriJUe  in  a,  tliin.  pltUe — 

r  =  0-054 

TL  Friclioa  of  mouthpieces  or  entrance  f 
— Straight  cylindrical  mouthpiece,  [)crpend 


The  same  mouthpiece  making  the  angle  i 
the  aide  of  the  reservoir — 

F  =  0'505  +  0-303sin  j  +  0-5 

For  a  mouthpiece  of  the  form  of  the  "  co 
one  somewhat  bell-shaped,  and  so  proport 
diameter  on  leaving  the  reservoir,  then  at 
the  side  of  the  reservoir  it  contracts  to  the  i 
resistance  is  insensible,  and  F  nearly  ^  0. 

III.  Friction  at  sudden  enlargemeiils. — L 
fli-ea  of  a,  channel,  discharging  Q  cubic  feet  ( 
vhich  a  sluice,  or  slide  valve,  or  some  si 
midden  contraction  to  the  smaller  area  a, 
eolai^ement  to  the  area  Ay  Let  v  =  Q 
in  the  second  enlai^ed  part  of  the  channel, 
the  orifice  a  will  be  c  a,  c  being  a  co-efficieiU 
(tream  flowing  through  it,  whose  value  ma 

1  -  -618-^^    Let  the  ratio  in  which  tl 

suddenly  enlarged  be  denoted  by 


XA 


-=^^<'«=W(2 


618- 


Then  r  f  ia  the  velocity  in  the  moat  contrai 
that  all  the  eaergy  due  to  the  difference  of  tl 
is  expended  in  fluid  Miction,  and  coueequei 
of  head  given  by  the  formula — 

,-^rf,: ... 

so  that  in  this  case 

F  =  (r-1)'.  .... 

TV.  Friction  in  pipes  and  conduite. — Let  j 
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of  a  channel;  h  its  border,  that  is,  the  length  of  that  part  of  Hi 
girth  which  is  in  contact  with  the  water;  I  the  length  of  the  dan- 
nel,  so  that  lb  is  the  fictional  smface ;  and  for  breTtty's  sake  kt 
A  -£.  6  =r  m/  then,  for  the  Motion  between  the  water  and  tbe 
sides  of  the  channel — 

-=/i^==S> fi 

in  which  the  co-efficient /has  the  following  valnes : — 
For  iron  pipes  (Darcy), ./=0005  (l  +^-g-i^^);(8.) 

For  open  conduits  (Weisbach),  /=  00074 H .(9.) 

The  quantity  m  =  A  -&.  &  is  called  the  "  hydraulic  mean  dqaih"*  of 
channel,  and  for  cylindrical  and  square  pipes  ranning  fiill  is 
obviously  one-fourth  of  the  diameter;  and  the  same  is  its  tbIuc  for 
a  semicylindrical  open  conduit,  and  for  an  open  conduit  ifhoe^ 
sides  are  tangents  to  a  semicircle  of  a  diameter  equal  to  twice  tbe 
greatest  depth  of  the  conduit. 

In  an  open  conduit^  the  loss  of  head, 

*=4S^ <»> 

takes  place  as  an  actual  fall  in  the  surface  of  the  water,  prodneb^ 
A  dedivity  at  the  rate 

t=:-=z=z^'—; (11.) 

I      m  2g  ^ 

and  by  the  last  two  formulae  are  to  be  determined  the  fall  and  the 
rate  of  declivity  of  open  channels  which  are  to  conv^  a  given  flow: 
In  close  pipes,  the  loss  of  head  takes  place  in  the  total  head;  and 
the  ratio  i  =  h  -a-  lis  called  the  virtual  dedivity. 

Y,  For  bends  in  circular  pipes,  let  d  be  the  diameter  of  the  pipe* 
^  the  radius  of  curvature  of  its  centre  line  at  the  bend,  I  the  aa^ 
through  which  it  is  bent,  x  two  right  angles;  then,  aocwding  to 
Professor  Weisbach, 

F  =  l|0131  +  1-847  (£)^} (li) 

VL  For  bends  in  rectangtdar  pipes, 

P  =1  {  0-124  +  3104  (^)*  } (1« 
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In  sharp-edged  orifices  the  friction  is  almost  inapprccialile  (see 
Article  447>  Case  I.) ;  in  those  with  flat  or  rounded  borders  lis 
eflects  become  sensible,  and  in  tubes  or  other  channeU  of  sack 
length  as  to  guide  all  the  particles  along  their  sides  there  b  no 
contraction,  and  friction  operates  alone  in  diminishing  the  (tisdiai^ 

In  all  the  sliarp-edged  orifices  here  mentioned  the  edge  is  8ii]>- 
posed  to  be  formed  at  the  inner  or  up-stream  side  of  the  plate  bj 
chamfering  or  bevelling  the  outer  aide.  Were  the  inner  aide  of  the 
plate  chamfered,  it  would  guide  the  stream,  and  alter  the  contractioa 
to  an  uncertain  amount. 

I.  Sfuirp-^dgecldrctdar  orifices  in JlcUplcUes;  c  =  -61 8... .(1.) 

IL  S/uirp-edged  rectangular  orifices  in  vertical  Jlat  flales, — In 
this  case  the  co*efficient  depends  partly  on  the  proportions  of  the 
dimensions  of  the  orifice  to  each  other,  and  partly  on  the  pioportioQ 
borne  by  the  breadth  of  the  orifice  to  the  charge  or  bead.  The  co- 
efficient is  intended  to  be  used  in  the  following  formula  for  the 
discharge  in  cubic  feet  per  second,  A  being  the  area  of  the  orifiw 
in  square  feet ;  and  h  the  head,  measiired  from  the  ecfdrt  of  tLe 
orifice  to  the  levd  ofstiU  water, 

Q  =  8-025  c  A  JK (2.) 

The  co-efficients  are  given  on  the  authority  of  experiments  of 
Poncelet  and  Lesbros  on  orifices  about  8  inches  wide.  They  have 
not  been  reduced  to  a  general  formula. 

Co-efficients  of  Dischargis  for  RBcsTANauLAB  Obificb. 

Head  Height  of  Oilfloe  ^  Breadth. 

0-05 


O'lO  ...  ••■ 


•709 

-660        •69S 

0-I5  ...  ...  ...  -638  -660  •691 

0-20  ...  ...  •012  .640  -6so  -685 

0*25  —  —  '^7  -640  ^59  -682 


030  -  '590  ;622  ^o  ^11  ^  s 

0-40  ...  -600  -626  -639  ^|y  .671 

050  ...  -605  ;62S  .638  ^55  ^ 

060  -572  ;6o9  ;630  .537  -654  <A\ 

075  -585  ;6ii  ;63i  .635  ^S  ^ 

ixxj  -592  ;6i3  ^34  .634  .650  -655 

,.50  ;S98  ;6i8  ;63a  ^,32  ^5  4 

2-0O  ;6oo  ;6i7  ;63i  .5^,  ^  ^ 

2-50  -602  ;6i7  ;63i  .^30  S©  -St 

350  ;6o4  -616  ;629  .^29  ^  ^i 

4xx>  -605  ;6is  ;6a7  ^^  ^37  ^ 

6100  -604  -613  ^23  -e^'j  ^5  ^; 

8XX>  -602  -eil  "619  ^J}.  ^X  4.xk 

low  -601  ^7  -613  :|\^  :^\^  ^\t 
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The  co-efficieats  in  the  preceding  table  includ 
the  error  occasioned  by  measuring  the  head  from 
orifice  instead  of  from  the  point  vhere  the  mean 
which  is  somewhat  above  the  centre.  That  ■ 
appreciable  when  the  head  exceeds  3  times  the  hei 

in.  Sharp-edged  rectangular  nclchea  (or  orifices 
the  surface)  in  flat  vertical  weir  boards. — The  arei 
measured  up  to  the  Itvel  of  still  tnater  in  the  poud 

Let  b  ^  breadth  of  the  notch ; 

B  =  total  breadth  of  the  weir;  then 


=  ■57+-, 


lOB' 

provided  b  is  not  less  than  B  -^  4. 

IV.  Sharp-edgtid  triangular  or  V-shaped  TWlche 
weir  boards  (&om  experiments  by  Professor  James  1 
measiured  up  to  the  level  of  still  water. 

Breadth  of  notch  =  depth  X  2;  c  =  -i 
Breadth  of  notch  ^  depth  X  4 ;  c  =  -6 

T,  Paartially-conlraeted  sliarp-edged  orifice.     (Tl 
orifice  towards  part  of  the  edge  of  which  the  wal 
direct  course,  owing  to  the  border  of  the  channel  o 
cDisctding  with  the  edge  of  the  orifice). 
Let  c  be  the  ordinary  co-efficient; 

n,  the  fi-action  of  the  edge  of  the  orifice  whi' 

the  border  of  the  channel ; 
d,  the  modified  co-efficient;  then 

c'  =  o+-09  7i. 

VL  Flat  or  rovnd-lopped  weir,  area  measured  u 
Btili  water — 

e=  -5  neavlv 


VII.  Sluice  in  a  redanffular  diannel — 
vertical;  c  ^  07; 
Inclined  backwards  to  the  horizon  at  60°;  c 
„  »  ,,  at  45°;  o 

VIIL  InconyiUte  cordraction;  see  Article  477 
P.CT7. 

440.   DlMbwgn    AwB    VcRlcnl    OrlUcra,   KMchea 

When  the  height  of  an  orifice  in  the  vertical  sic 
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does  not  exceed  about  one-half  or  one-third  of  its  depiSi  bdovtiie 
surface,  the  head  measured  from  the  centre  of  the  orifice  to  tlie 
level  of  still  water  may  be  used,  without  sensible  error,  to  compote 
the  mean  velocity  of  a  flow^  and  the  dischai^ ;  so  that  the  fonnnk 
for  the  dischai^  is 

Q  =  8-025  c  A  >/X] (I.) 

A  being  the  total  area  of  the  orifice,  and  c  the  proper  co-effid^t  d 
conti-action. 

When  the  height  of  the  orifice  exceeds  about  one-half  of 
the  head  of  water,  and  especially  when  the  orifice  is  a  notA 
extending  to  the  sur£Eu>e^  it  is  not  sufficiently  accurate  to  measme 
the  head  simply  from  the  level  of  still  water  to  the  centre  of 
the  orifice ;  but  the  area  of  the  orifice  is  to  be  conceived  as  divided 
into  a  number  of  horizontal  bands,  the  area  of  each  soch  \»nd 
multiplied  by  the  velocity  due  to  its  depth  below  the  sai£u»  of  sdU 
water,  the  products  summed  or  integrated,  and  the  sum  orintegni 
multiplied  by  a  suitable  co-efficient  of  contraction. 

To  express  this  in  symbols,  let  b  be  the  breadth,  d  h  tbe  hdgbi 
of  one  of  the  horizontal  bands,  so  that  6  cf  A  is  its  aiea;  h,  the 
depth  of  its  centre  below  the  level  of  the  surface  of  still  water  in 
the  reservoir;  Aq,  the  depth  of  tbe  upper  edge  of  the  orifice,  and  A, 
that  of  its  lower  edge,  below  the  same  level ;  c,  the  co^deot  <a 
contraction;  Q^  the  discharge  in  cubic  feet  per  second;  then 

Q  =  8-025  c  f*^  6  jT'dL (i) 

For  co-efficients  of  contraction,  see  Article  448L 
The  following  are  the  most  important  cases : — 
I.  ReGUmgula/r  orifice;  h  =  constant 

Q  =  8-025cx|6  {h^  —  hf\  =  5-35  c  6  (a^* —*«*).  W 

It  is  seldom  necessary  to  use  this  formula  in  practice ;  for  the  ok 
efficients  in  the  table  by  Poncelet  and  Lesbros  (see  p.  fi80)  comprt' 
hend,  as  has  been  stated,  the  correction  for  the  error  arising  from 
using  the  head  at  the  centre  of  the  orifice  simply,  as  in  eqaatian  1- 

IL  RectcmgiiUvr  notch,  tcUh  a  stUl  pond;  h  =  constant^  A^^O; 
Aj  measured  from  the  lower  edge  of  the  notch  to  the  level  of  atiB 
water. 

Q  =  8025  c  X  ^  t  Ai*=  5-35  ehh^ 


=z  (305  +  -535  g)  6  Aj^ 


w 
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The  last  ezpreeaon  ig  founded  on  the  fonni 
t,  given  in  Article  448,  Division  III.,  p.  68^ 
breadth  of  the  weir. 

Table  op  VAtCEs  ov  c  add  i 


e, •67       -66       155       -64       -63       -62 

S35<i    3-58     3*53     348     3'4a     337     3"3> 

The  cuie  of  the  square  roof  of  tJie  head,  h^, 
follows,  by  the  aid  of  an  ordinary  table  of  squi 
b  the  column  of  squarea  for  the  neareBt  sq 
polity  in  the  column  of  cubes,  will  be  an 
ofAji 

lU.  EectangvlaT  notch,  wUh  current  app 
■till  water  cannot  be  found,  to  measure  the 
denote  the  velocity  of  the  current  at  the  point 
is  measured,  or  tidocitt/ 0/ approach :  compute  t 
telodty  as  followa : — ■ 

Ao  =  t^o  +  64-4; 

then  the  flow  ia  tlie  difference  between  that 
doe  to  the  height  A,  +  Ag,  and  that  due  to  the 
U  ^ren  by  Uie  formula 

Q  =  5-35  tM(4i +  '••)•  — »| 

When  Vq  cannot  be  directly  measured,  it  c 

proximately  by  taking  an  approsimato  value  o 

ud  dividing  by  the  sectional  area  of  the  chann 

which  the  bead  is  measured  from  the  lower  ed{ 

IV,  Triangtilarory-shaped  notch,  with  a  atU 

from  the  apex  of  the  triangle  to  the  level  of  sti 

Let  a  denote  the  ratio  of  the  half-breadth  • 

pvea  level  to  the  height  above  the  apex,  so  ' 

tiie  level  of  still  water,  the  whole  breadth  of  tl 

Q  =  8-025  e  X  ^  a  A,'  =  4-28  c 

and  adopting  the  volnea  of  c  already  given  in 
*ehav^ 

fora=l;  Q  =  2-54A,*; 


fbrasaS;  Q  =  SSh^^-  . 
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In  the  absence  of  sufficiently  extensive  tables  of  squaies  and 
fiftih  powers,  the  best  method  of  computing  the  fifth  power  of  the 
square  root  of  the  head  is  by  the  aid  of  logarithms. 

V.  Droumed  orifices  are  those  which  are  below  the  level  of  the 
water  in  the  space  into  which  the  water  flows  as  well  as  in  tbat 
from  which  it  flows.  In  such  cases  the  diflerence  of  the  levels  of 
still  water  in  those  two  spaces  is  the  head  to  be  used  in  compating 
the  flow. 

YI.  Droumed  rectangular  notch, — Let  A,  and  Aj  be  the  heights 
of  the  still  water  above  the  lower  edge  of  the  notch  at  the  up- 
stream and  down-stream  sides  of  the  notch-board  re^)ectLvely;  tk 
following  formula  gives  the  flow  in  cubic  feet  per  second: — 

Q  =  5-35  c  h  (/*!+  ^j)  J  Qh  —  K) P) 

VII.  For  weirs  with  broad  flat  crests,  drowned  or  undrowned, 
the  formulae  are  the  same  as  for  rectangular  notches,  except  tiut 
the  co-efficient  c  is  about  *5,  as  has  been  stated. 

YIII.  ComptUation  of  the  dimejisions  of  orifices. — ^The  whole  of 
the  preceding  formulae  (with  the  exception  of  equations  5  and  7) 
can  easily  be  used  in  an  inverse  form,  in  order  to  find  the  dimen- 
sions of  orifices  that  are  required  to  discharge  given  volumes  of 
water  per  second. 

For  example,  if  equation  1  is  applicable,  we  have  for  the  ara  rf 
the  orifice, 

A  =  Q  -1.  8-025  c  J'k. (S.) 

If  equation  3  is  applicable,  the  breadth  of  the  orifice  is  given  as 
follows : — 

6  =  Q  -^  535  c  {h^i  —  Ao*> W 

K  equation  4  is  applicable,  the  depth  of  the  bottom  of  the  noteh 
below  still  water  is  given  by  the  equation, 

A^  =-{Q  ^  5-35  c  b}i; (IOl) 

if  equation  6  is  applicable, 

Aj  ={Q  .^  4-28  c  4* (11.) 

IX.  Sluices, — ^The  opening  of  a  sluice  generally  acts  as  a  wci- 
angular  orifice,  drowned  or  undrowned  as  the  case  may  be;  tic 
value  of  c  being  as  given  in  Article  448,  p.  681. 

450.   ConpaiatloB  of  the  Dtocharge  iMdl  Diaaictcn  ^f  Pipcfc-— Tbe 

loss  of  head  by  a  stream  of  the  velocity  v  in  traversing  the  length 


DISCHARGB  OF  PIPES. 

"orm  diameter  d  is  given  by 
■qimtions  8  and  10  of  Article  '. 
a  mean  depth  m: — 

are  deduced  the  Bolutiooa  o 

Khargeof  a  given  pipe;  the  i 

:im&tion,  it  is  visual  to  assui 
58.     This  gives  for  the  approj 

between  Hie  diameter  and  the 
and  for  the  discharge,  in 

\iv<r-  =  Z9\/yd',neai^ 
icy  is  required,  make 

1  feet  per  second  by  the  form 


=  8025  y'j- 


*/'■ 

ubic  fi-et  per  second,  by  the  f 

854.<P  =  0  3y'j^A 

I)  the  dvimeier  d  of  a  pipe, 

aUr  per  second,  tinih  a  /twa  o/ 

o/l/eet. 

I  of  4/ known, 


-(^r* 


iJ- 
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But  4y  depends  on  the  diameter  sought  Therefore  assanw^ 
in  the  first  place,  an  approximate  value  for  ^f ;  saj,  4/'  =5  '0258. 
Then  compute  a  first  approximation  to  the  diameter  by  the  fol- 
lowing formula : — 

^  =  0-23  (^-^^ (6.) 

From  the  approximate  diameter,  by  means  of  equation  3  of  thk 
Article,  calculate  a  second  approximation,  4/^,  to  the  value  of  4/ 
If  this  agrees  with  the  value  first  assumed,  d!  is  the  true  diameter; 
if  not,  a  corrected  diameter  is  to  be  found  bj  the  foliowii^ 
formula : — 

d  =  dl-  g;,)*  =  d  •  (^  +  ^)  nearly.  (7.) 

In  the  preceding  formulie  the  pipe  is  supposed  to  be  free  from 
all  curves  and  bends  so  sharp  as  to  produce  appreciable  resbtanoe. 
Should  such  obstructions  occur  in  its  course,  they  may  be  allowed  for 
in  the  following  manner : — Having  first  computed  the  diamet^  of 
the  pipe  as  for  a  straight  course,  calcidate  the  additional  loss  of 
head  due  to  curves  by  the  proper  formula  (Article  447,  pi  678);  let 
K  denote  that  additional  loss  of  head ;  then  make  a  further  cor^ 
rection  of  the  diameter  of  the  pipe,  by  increasing  it  in  the  ratio  of 

By  a  similar  process  an  allowance  may  be  made  for  the  loss  of 
head  on  first  entering  the  pipe  from  the  reservoir,  viz. : — 

(1  +  F)  V*  -2-  64*4;  F  being  the  factor  of  friction  of  the  mouthpieo& 

To  the  diameter  of  a  pipe,  as  computed  by  the  formaUe,iii 
addition  is  commonly  made  in  practice,  in  order  to  allow  fur 
accidental  obstructions,  for  the  incrustation  of  the  interior  of  the 
pipe,  &C.  According  to  some  authorities  about  one-sixth  is  to  be 
added  to  the  diameter  of  the  pipe  for  this  purpose ;  but  experie&ce 
seems  to  show  that  in  genend  the  incrustation,  if  any,  is  of  eqntl 
thickness  in  pipes  of  all  diameters  exposed  for  equal  times  to  the 
action  of  the  same  water;  and  therefore  that,  in  a  given  system  of 
water-pipes,  an  equal  absolute  allowanoe  should  be  smde  ^ 
possible  incrustation  in  pipes  of  all  diameters.  In  ordinary  cases  it 
appears  that  about  otm  inch  is  sufficient  for  that  purpose.  (See  p^  801) 

451.   ]»l9chRrg«    and    Dlmeaal^Mi    mf  Chaaada.  —  The    rate    ot' 

declivity  required  for  the  surface  of  the  current  in  an  uuifotxi 
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conduit  or  meix^nnel  is  found  ' 
(which  is  all  actual  fall)  hy  the  1 
expnssed  by  the  following  equatior 
Article  4i7,  p.  678:-^ 


=  /. 


64-4      \ 


•007^ 


n being  the  "hydraulic  mean  depi 
following  problems  to  be  solred : — 
L  To  compule  the  disduirge  of  a 
n,  and  the  sectional  area  A..  The 
which  migbt  be  done  by  meanB  of 
less  laborious  to  find  it  by  success 
porpose  asaame  aa  <^>proximaie  vah 
mch  as 

Aeu  &&find  approximatUin  to  the  ^ 

V  ■007565       ^ 

W,  a  mean  proporliwnal  beivjeen  Ihe 
/alt  m  8^12/ee(.     AJirst  aj>proxim 


These  fir^  approximations  are  in : 
To  obtaiD.  second  approximations, 
according  to  the  expression  in  bra 
agree  nearly  or  exactly  with  /*,  th 
necessary  to  proceed  further;  shou 
nlues  of  the  velocity  and  discharge 
tte  factor, 

3 f 

2      OU 

n.  To  determitu  the  dimetisiont 
(Aail  dimJiarge  Q  cubic  fiet  of  waier 
—To  solve  this  problem,  it  ia  n 
usame  a  figure  for  the  intended  che 
all  its  dimensions  to  each  other,  and 
may  be  fixed.  This  will  fix  also 
•ectjonal  area  to  the  square  of  the  h; 
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be    known  althongli  those  areas  are  still  unknown;  let  it  ba 
ilenoted  by  n. 

[The  following  are  examples  of  the  values  of  n  for  differait 
figures  of  cross-section : — 

for  a  semicircle^  n  =  6*2832  j 
for  a  half-square,  n  s  8 ; 

for  a  half- hexagon,  n  =  4  iJS  —  6*928; 

for  a  section  (proposed  by  Mr.  Neville)  bounded  below  and  at  the 
sides  by  three  straight  lines,  all  tangents  to  one  semicirde 
which  has  its  centre  at  the  water  level,  the  bottom  bdi^ 
hoi-izontal,  and  the  sides  sloping  at  any  angle  i  (see  fig.  ^Yi 


n  =  4  f  cosec  ^  +  tan  ^ J. 


Fig.  288. 

In  each  of  the  four  figures  mentioned  above,  m  is  one-half  of  tbe 
greatest  depth.] 

Compute  a  first  approximation  to  the  required  hydiauhc  meafl 

depth  as  follows : — 

-•  =  (pTOi)*' ^'^ 

also  a  first  approximation  to  the  velocity, 

Q    . 


V   = 


nm!^' 


\^) 


from  these  data,  by  means  of  equation  1  of  this  article,  compute  i» 
approximate  dediviiy  i'.  If  this  agrees  exactly  or  very  nearly  ^tk 
the  given  declivity,  t,  the  first  approximation  to  the  hydmuhc  ina» 
depth  is  sufficient ;  if  not,  a  corrected  hydratUic  mean  depth  is  t<»  be 
found  by  the  following  formula : — 


fn 


-■  c-  fj « 


I'l'om  the  hydraulic  mean  depth,  all  the  dimensions  of  tJje  daa* 
iiol  are  to  be  deduced,  according  to  the  figure  assumed  for  it 


ELEVATTOli'  BY  TEIB — BACKWATER. 


433.   BlnMlM  Pndacnl  hj  a  Wdr. — When   a   veil 

erected  across  a  river,  the  following  formulte  servo 
the  height  A,,  in  feet,  at  which  the  water  in  the  pond, 
the  weir,  wiU.  stand  above  its  a'est;  Q  being  the  dische 
feel  per  second,  and  b  the  breadth  of  the  weir  in  feet  :- 
L  Weir  not  drotmed,  with  a  flat  or  slightljr  rounded 


^■(^y,-... 


n.  TFeir  drowned. — Let  /tj  be  the  height  of  the  wate 
the  weir  above  its  crest. 

Firat  approxinuUion;  h\  =  Aj  +  (  »  .  j  1  • 

Second  a^pproaamaium;  h'g  -  A',  -  A,  (1  —  7  ■  ,,— 

Closer  approxisutions  may  he  obtained  by  repeati 
calculation. 

453.  BaeiiwBwr  is  the  effect  produced  by  the  elevi 
wster-level  in  tlie  pond  close  behind  the  weir,  upon  th 
tiie  stream  at  places  still  farther  up  its  channel. 

For  a  channel  of  uniform  breadth  and  declivity,  the 
an  approximate  method  of  determining  the  figure  wfa 
elevation  of  the  water  close  behind  a  weir  will  cause  th 
the  stream  farther  up  to  assume. 

Let  *  denote  the  rate  of  inclination  of  the  bottom  of 
which  is  also  the  rate  of  inclination  of  its  surface  h 
altered  by  the  weir. 

Let  Id  be  the  natural  depth  of  the  stream,  before  the 
the  weit. 

Let  )|  be  the  depth  as  altered,  close  behind  the  weir. 

Let  t^  be  any  other  depth  in  the  altered  part  of  the  s 

It  is  required  to  find  x,  the  distance  from  the  weir  in 
up  the  stream  at  which  the  altered  depth  1.  will  be  fout 

Denote  the  ratio  in  which  the  depth  is  utered  at  any 

i-i-lo-r; 

and  let  9  denote  the  following  function  of  that  ratio : — 

1  ,      2r+l 

+  -,=r  art  tan.  — ;  „— 


•90 
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OQaTeDient  approximate  formula  for  computing  9  is  as  £bDowB>- 

(}^) 


*    1     1     1     1 

«.  nearly  =  ^  +  ^  +  ^. 


Compute  the  TalueSy  ^^  and  ^^  of  tliis  function^  oorrespondmg  to 
the  ratioA 


Then 


r^  =  \^  )^  and  r,  =  Jj  ^  3^ 

a,  =  h:i3  ^  (1  .  254)  .(^^  ^  ^^  j^ ^,) 

The  following  table  giT«s  Bome  values  of  9  :^- 


r  ^ 

I'o  00 

I'l  -680 

1*3  '480 

1*3  '31^ 

14  304 

i'5  255 

1-6  '218 

17  '189 


r  9 

t'S  166 

i'9  147 

2"0  -132 

2*2  '107 

2*4  x)89 

2*6  \3^i 

2-8  -065 

S'o  -056 


The  first  term  in  the  right-hand  side  of  the  formula  2  is  the  dis- 
tance back  from  the  weir  at  which  the  depth  \  would  be  fonnd  if 
the  surface  of  the  water  were  lereL  The  second  term  hi  the 
additional  distance  arising  from  the  decliyily  of  that  sn&oft 
towards  the  weit*.  The  constant  264  is  an  approximation  to  2  -^jf 
/being  the  co-efficient  of  friction.  For  a  natural  dedivitj  of  I  i 
264  the  second  term  vanishes.  For  a  steeper  declivity  it  becomes 
negative,  indicating  that  the  surface  of  the  water  rises  towards  tiie 
weir;  but  although  that  rise  really  takes  place  in  such  eases,  the 
agreement  of  its  true  amount  with  that  given  by  the  formula  b 
somewhat,  uncertain,  inasmuch  as  the  formula  involves  assamptioiis 
which  are  less  exact  for  steep  than  for  moderate  natural  declmtiea 
It  is  best,  therefore,  in  cases  of  natural  declivities  steeper  than  I 
in  264,  to  compute  the  extent  of  backwater  simply  &om  the  fir^ 
term  of  the  formula. 

454.  SfreamofiJneqBalSccttona.^ — The  preceding  rule  for  <kt0- 
mining  the  figure  and  extent  of  backwater  is  the  solutioii  of  ft 
particular  case  of  the  following  general  problem : — Giren  the  farm  9t 
the*bed  of  a. stream,  tJie  discharge  Q,  and  the  vxUer4evd  aiom 
section;  to  find  t/ie  form  cusumed  by  the  swfaee  qftke  water  m 
n^Hrtxeam  c^rectionfrom  that  eroes-aectum. 
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In  this  case  the  loss  of  heiid  tx 
mm  of  that  expended  ia  overo 
change  of  velocity,  wheu  the  ve] 
^ose  two  quantities  when  the  vt 
mtf  be  poaitive  or  negative,  an 
gain  of  head.      lo  parts  of  th 
tKgattve,  the  sur&ce  slopes  the  re 
the  rertical  plane  of  the  cross- 
nction  at  which   the   water- 
level  b  given;  let  horizontal 
abscigas,  auch  as  0  X  —  x,  be 
measured  agaifist  the  direction 
(rf  flow,  and  vertical  ordinates 
'     to  the  surfa.ce  of  the  stream, 
nich  u  X  B  —  2,  upwards  from 
•horizontal  datum  plane.  Con- 
ader    any    indefinitely    short 
portion  of  the  stream  whose 
length  a  d  X,  hydraulic  mean 
depth  m,  and  area  of  section  A. 
ttream  \&  d  z,  and  the   acceler 
of^oeite  to  x.    Then, 

In  ^^lying  ihU  difierential  eq 
cnlw  problem,  for  n  ia  to  be  put  i 
pet  their  values  in  terms  of  x 
enntial  equation  between  x  and 
which  equation,  being  integrated 
t,  the  co-ordinates  of  the  surface 

455.  The  TIh«  af  KBitiriag  ■ 
ceiving  it  to  be  divided  into  t 
heights  above  the  outlet,  finding 
layer,  and  thence  the  time  of  disc 
the  results. 

Let  «  be  the  area  of  any  given 
ir«a  of  the  outlet,  h  the  height  oi 
the  Telocity  of  outflow  for  that  la 
taken  from  the  proper  formula  ii 
time  of  discharge  of  the  layer  ia 

dt  =- 
uid  if  Aj  be  the  height  of  the  top 


1 
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f''^.  (i) 

Jo    J  h 


AC  Jo    >/T' 


One  of  the  most  convenient  ways  of  expressing  this  result  is  to 
state  the  latio  which  the  time  of  emptying  bears  to  the  time  of  dfr 
charging  a  quantity  of  water  equal  to  the  contents  of  the  reservoir 

( that  is^  j  ^  8  dh\  supposing  it  kept  always  fulL    Let  that  time 

be  caUed  T;  its  value  isT=   /****JAh-AC  ^/^^  and  that  of 
the  required  ratio  is 

T'^'/I'V***/.''''^ ■« 

The  following  are  examples : — 

Reservoir  with  vertical  sides  («  =:  constant) ;  <  -f-  T  »  2. 

Wedge-shaped  reservoir  («  =r  constant  X  A) ;  <  -r-  T  =:  1^. 

Pyramidal  reservoir,  the  base  of  the  pyramid 
being  the  sur&ce,  the  apex  at  the  outlet 
(*  =  constant  X  A*); <  ^  T  =  U. 

The  division  of  the  reservoir  into  layers  may  be  facilitated  by  a 
plan  with  contour-lines  at  a  series  of  different  levels. 

The  time  required  to  empty  part  of  a  reservoir  is  foond  by  com- 
puting the  time  required  to  empty  the  whole,  and  subtracting  froD 
it  the  time  which  would  be  required  to  empty  the  remaining  ptii 

The  time  required  to  equalize  tlie  level  of  the  vxUer  in  two  adjoiih 
iDg  basins  with  vertical  sides  (such  as  lock-chamben  on  eaiiak)i 
when  a  communication  is  opened  between  them  under  water,  is  the 
same  with  that  required  to  empty  a  vertical-sided  reservoir  of  a 
volume  equal  to  the  volume  of  water  traneferred  between  the 
chambers,  and  of  a  depth  equal  to  their  greatest  difference  of  lenl 

Section  IL — Of  the  Measurement  and  Estimaiion  of  Weier. 

456.   fkmmwetm  •f  W«|gr  !■  OeMcnil — BalM-AJIt  T«ial  aad  A««Bi^ 

—The  original  source  of  all  supplies  of  water  is  the  rain-fiilL  Tb 
xain-¥rater  which  escapes  evaporation  and  absorption  by  vegelaUtf 
either  runs  directly  from  the  surface  of  the  ground  or  from  the  poi« 
of  the  surface-soil  into  tireams^  or  it  sinks  deeper  into  the  gr^aoi 
flows  through  the  crevices  of  porous  strata^  and  escapes  at  tbor 
out-crop  in  epringSy  or  collects  in  such  porous  strata,  from  wfaic^^ 
is  drawn  by  means  of  uxlU, 
In  what  manner  soever  the  water  is  ooUected,  and  whether  it* 
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tri  be  used  for  irrigation,  for  driving  machinery,  for  feeding  a  canal, 
or  for  the  supply  of  a  town,  or  to  be  got  rid  of  as  in  works  of  mero 
drainage,  the  measurement  of  the  rain-fall  of  the  district  whence 
it  comes  is  of  primary  importance.  To  complete  that  measurement 
two  kinds  of  data  are  required, — ^the  area  of  the  district,  called  the 
drainage  area,  or  ccUchmerU-bctsin,  or  geUheHng-ffround  •,  and  the 
depth  of  rain-fall  in  a  given  time. 

I.  A  Drainage  Area,  or  CatchmerU'hasin,  is,  in  almost  eveiy  case, 
a  district  of  country  enclosed  by  a  ridge  or  water-shed  line  (see 
Article  58,  p.  93),  continuous  except  at  the  place  where  the  waters 
of  the  basin  find  an  outlet.  It  may  be,  and  generally  is,  divided  by 
branch  ridge-lines  into  a  number  of  smaller  basins,  each  drained  by 
its  own  stream  into  the  main  stream.  In  order  to  measure  the 
area  of  a  catchment-basin  a  plan  of  the  countiy  is  required,  which 
either  shows  the  ridge-lines  or  gives  data  for  finding  their  positions 
bj  means  of  detached  levels,  or  of  contour-lines.  (Article  59,  p.  95.) 
When  a  catchment-basin  is  very  extensive  it  is  advisable  to  mea* 
tare  the  several  smaller  basins  of  which  it  consists,  as  the  depths  of 
isain-&ll  in  them  may  be  different;  and  sometimes,  also,  for  the 
same  reason,  to  divide  those  basins  into  portions  at  different  dis* 
tances  from  the  mountain-chains^  where  rain-clouds  are  chiefly 
formed. 

The  exceptional  cases,  in  which  the  boundary  of  a  drainage  area 
is  not  a  ridge-line  on  the  surface  of  the  country,  are  those  in  whicb 
the  rain-water  sinks  into  a  porous  stratum  until  its  descent  is 
stopped  by  an  impervious  stratum,  and  in  which,  consequently,  one 
boundary  at  least  of  the  drainage  area  depends  on  the  figure  of  the 
impervious  stratum,  being,  in  fact,  a  ridge-line  on  the  upper  sur&ce 
of  that  stratum,  instead  of  on  the  ground,  and  very  often  marking 
the  upper  edge  of  the  outcrop  of  that  stratum.  If  the  porous 
stmtum  is  partly  covered  by  a  second  impervious  stratum,  the 
nearest  ridge-line  on  the  latter  stratum  to  the  point  where  the 
porous  stratum  crops  out,  will  be  another  boundaiy  of  the  drainage 
area.  In  order  to  determine  a  di-ainage  area  under  these  circum- 
stances it  is  necessary  to  have  a  geological  map  and  sections  of  the 
district. 

II.  The  Depth  of  RahrfaU  in  a  given  time  varies  to  a  great 
extent  at  different  seasons,  in  different  years,  and  in  different  places. 
The  extreme  limits  of  annual  depth  of  rain-fall  in  different  parts  of 
the  world  may  be  held  to  be  respectively  nothing  and  150  inches. 
The  average  annual  depth  of  rain -fall  in  different  parts  of  Britain 
ranges  from  22  inches  to  140  inches,  and  the  least  annual  depth 
reeordedin  Britain  is  about  15  inches. 

The  rain-fall  in  different  parts  of  a  given  country  is,  in  general, 
greatest  in  those  districts  which  lie  towards  the  quarter  from  which 
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the.prevuling  winds  blow ;  and  greater  in  forests  tlian  in  the  opea 
country,  in  the  ratio  of  1}  to  1.     Upon  a  given  moontain-ridge, 
however,  the  reverse  is  the  case,  the  greatest  nun-£EiU  takmg 
place  on  that  side  which  lies  to  leeward,  as  regards  the  prevailing 
winds :  thus,  in  Britain,  more  rain  Mis  in  general  on  the  eastern 
than  on  the  western  slope  of  a  range  of  hills.     The  cause  of  this 
is  probably  the  fact  that  the  condensation  of  watery  vapour  in 
the  atmosphere  into  rain-clouds  arises  in  general  from  the  asoent 
of  moist  and  warm  air  up  the  slopes  of  mountains  into  a  cold 
region ;  the  clouds  thus  formed  are  drifted  by  the  wind  to  ike 
leeward  side  of  the  mountains,  and  there  fall  in  rain.     To  tke 
same  cause  may  be  ascribed  the  fact  that  the  rain-fall  is  grester 
in  mountainous  than  in  flat  districts,  and  greater  at  points  near 
high  mountain-summits  than  at  points  further  from  them. 

The  elevation  of  the  locality  where  the  rain-fall  is  measured  doei 
not  appear  materially  to  affect  the  depth,  except  in  so  fieir  as  elec- 
tion is  an  usual  accompaniment  of  nearness  to  a  mountain-chaiiL 

A  vast  amount  of  detailed  information  has  been  oollected  as  to 
the  depth  of  rain-fall  in  different  places  at  different  times;  but 
there  does  not  yet  exist  any  theory  from  which  a  probable  estimate 
of  the  rain-fall  in  a  given  district  can  be  deduced  independently  of 
direct  observatiou. 

The  most  important  data  respecting  the  depth  of  rain-fall  in  a 
given  district,  for  practical  purposes,  are  the  following : — 

(1.^  The  least  annual  rain-fall. 
[2.)  The  mean  annual  rain-falL 
[3.)  The  greatest  annual  rain-talL 
[4.)  The  distribution  of  the  rain-fall  at  different  seasons^  and, 

especially,  the  longest  continuous  drought. 
{5.)  The  greatest  flood  rain-fall,  or  continuous  fall  of  rain  in  a 
short  period. 

The  order  of  importance  of  these  data  depends  on  the  purpose  of 
the  proposed  work.  If  it  is  one  of  water-supply,  the  least  auma] 
rain-fall  and  the  longest  drought  are  the  most  important  data;  if 
it  is  a  work  of  drainage,  the  greatest  annual  rain-fSdl  and  the  greatest 
flood  are  the  most  important. 

.  Experience  shows  that  to  obtain  those  data  completely  aid 
exactly  for  a  given  district  requires  at  least  20  years  of  daily  mst- 
gauge  observations,  if  not  more.  But  it  very  seldom  happens  tiiat 
so  long  a  series  of  observations  has  been  made  in  the  pi-ecise  spois  ta 
which  the  inquiries  of  the  engineer  are  directed,  and  in  the  abaiaoi 
of  such  records  he  may  proceed  as  follows : — 

^  )  Obtain  a  copy  of  the  records  of  the  observations  inadeat  tka 
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oevest  Btatdoa  where  the  raiii'&U  haa  beea 
•eries  of  years,  and  from  them  ascertain  the  1< 
cominite  the  mean  annual  min-fall  at  that  sUti 
least  anoual  rain-fall,  the  greatest  flood  rain-fa 
in  qnestion  may  be  called  the  "standaj^  atatioi 

(2.)  Establiah  rain-gauges  in  the  district  to  be 
which  may  be  called  the  "  catchment  Btatioi 
obaerred  daily  by  trustworthy  persons,  taking  c 
of  the  records  of  the  observations  made  at  tl 
standard  station ;  and  let  that  series  of  simnli 
be  carried  on  as  long  as  possible. 

(3.)  Compute  from  those  simultaneous  obsei 
tions  borne  to  the  rain-fall  at  the  standard  sta 
.in  tlie  same  time  at  the  several  catchment  stE 
greatest,  least,  and  mean  annual  depths  of  ra 
flood,  itc.,  at  the  standard  station  by  those  p 
results  will  give  probable  values  of  the  oorreepi 
ihe  catchment  stations. 

The  portions  of  the  catchment  rain-gauge 
con^derable  extent,  be  regulated  by  the  prac 
them  observed  once  a-day;  but  they  should,  e 
be  diatribated  uniformly  over  the  gathering-grt 
of  a  number  of  branch  basins,  there  should,  if 
more  rain-gauges  in  each  of  them.  Kit  is  booii 
high  hilla,  some  gauges  should  be  placed  on  or 
and  others  at  different  distances  from  them. 

Each  tain-gange  should  be  placed  in  an  op< 
may  not  be  screened  by  rocks,  walls,  trees,  bed; 
It«  mouth  should  be  as  near  tiie  level  of  the  grc 
with  secnrity.  It  may  be  surrounded  with  an  ' 
fence  to  protect  it  &om  cattle  and  sheep. 

A  rain-gauge  for  use  iu  the  field  consists,  in 
funnel,  with  a  vertical  (^lindrical  lim,  very  ace 
prescribed  diameter,  such  as  10  or  12  inches,  ai 
for  the  water,  usually  cylindrical,  and  smalle 
month  of  the  funnel  If  this  vessel  is  to  be  t 
vessel  alao,  the  ratio  of  its  area  to  that  of  the  i 
is  accurately  ascertained,  and  the  depth  at  whi 
in  it  is  shown  by  means  of  a  float  with  a  gi 
rising  above  the  mouth  of  the  gauge.  Sometin 
it  measured  by  being  poured  into  a  graduated  j 
the  observer  carries  in  a  case.  The  most  accu 
doating  the  measure  is  by  putting  known  wei{ 
and  marking  the  he^ht  at  which  they  stand  ( 
Hr.  HaskoU  in  his  £ngmeering  Fidd-  Work). 
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the  weight  of  a  cubic  inch  of  pure  water,  at  62°  Falir.,  may 
taken  as 

252*6  grains.* 


pocess, 
be  takei 


The  glass  measure  may  either  be  graduated  to  cubic  inches, 
which,  being  divided  by  the  area  of  the  funnel  in  square  inches, 
will  give  the  depth  of  rain-fall  in  inches;  or  it  may  be  graduated 
to  show  at  once  inches  of  rain-fall  in  a  funnel  of  the  area  employed. 

Observations  of  rain-fall  in  the  field  are  usually  recorded  to  two 
decimal  places  of  an  inchu 

It  maybe  stated  as  a  result  of  experience,  that  the  proportions  of 
the  least,  mean,  and  greatest  annual  rain-fall  at  a  given  spot  usually 
lie  between  those  of  the  numbers  2,  3,  and  4,  and  those  of  the  num- 
bers 4,  5,  and  6. 

III.  The  Available  Rain-fall  of  a  district  is  that  part  of  the 
total  rain-fall  which  remains  to  be  stored  in  reservoirs,  or  carried 
away  by  streams,  after  deducting  the  loss  through  evaporation, 
through  permanent  absorption  by  plants  and  by  the  ground,  kc 

The  proportion  borne  by  the  available  to  the  total  rain-fall  varies 
very  much,  being  affected  by  the  rapidity  of  the  rain-fall  and  the 
compactness  or  porosity  of  the  soil,  the  steepness  or  flatness  of  the 
ground,  the  nature  and  quantity  of  the  vegetation  upon  it,  the 
temperature  and  moisture  of  the  air,  the  existence  of  artl6cial 
drains,  and  other  circumstances.     The  following  are  examples : — 

AvaiUb)«  R«in-&U. 
Ground.  -r- 

ToUl  Rain-falL 

Steep  surfaces  of  granite,  gneiss,  and  slate,  nearly  i 

Moorland  and  hilly  pasture, from   *8  to  *6 

Flat  cultivated  country, from   «5  to  -4 

Chalk, o 

Deep-seated  springs  and  wells  give  from  *3  to  '4  of  the  total 
rain-falL 

Such  data  as  the  above  may  be  used  in  roughly  estimating  the 
probable  available  rain-fall  of  a  district;  but  a  much  more  accurate 
and  satisfactory  method  is  to  measure  the  actual  discharge  of  ih» 
streams  at  the  same  time  that  the  rain-gauge  observations  are  made, 
and  so  to  find  the  actual  propoition  of  available  to  total  iidn-fiilL 

457.   AIcaMiremcnt  aatl  SMlmallon  •rihe  Flow  of  airrw — There 

*  This  is  dednced  from  the  value  alreadv  given  in  p.  161  for  the  wei;;ht  of  «  cnbic 
foot  of  pure  water  at  62°  Fahr.,  viz.,  62  355  lbs.  avoirdupois,  or  436,495  graim. 
That  value  is  based  on  data  given  in  Pivfeseor  Miller's  paper  on  the  "*  Staiitiant 
Poand"  iPhUotcpkkat  Trtm$actum$^  1856);  it  difTeri  aligbilj  from  that  lonnar^ 
IbDed  bj  ttatnte  but  since  abolished. 


■re  three  methods  of  measuriDS  the  dischai^  of  a  stream- 
giDgea,  by  current  meters,  and  by  calcnlation  from  the  d 
uid  declivity. 

L  The  use  of  fTetV-f^w^  is  the  most  accurate  meth 
ii  applicable  to  small  streaois  only.  The  weir  is  construt 
the  stream  so  as  to  dam  up  a  nearly  still  pond  of  water 
from  which  the  whole  flow  of  the  sb'eam  escapes  throug 
orother  suitable  sharp-edged  orifice  in  aTertical  plate  or  I 
elevation  of  Btill  or  nearly  still  water  being  observed  on 
scale  in  the  pond,  whoso  zei'o-poiiit  is  on  a  level  with  the 
the  notch,  or  with  the  centre  of  a  round  or  rectangular  ori 
the  laws  of  the  discharge  of  water  through  Tertical  oi 
Article  449,  p.  681. 

For  streams  of  very  variable  flow,  it  appears  from  tl 
ments  of  Mr.  James  Thomson,  that  the  right-angled  triang 
is  the  best  form  of  orifice  {aee  Beporte  of  Ui^  Sritith  Auoe 
1661),  as  it  measures  large  and  small  qttontities  with  eq 
■ion,  and  has  a  sensibly  conirtant  co-efiicient  of  contraction 
one  such  notch  is  insufBcient,  he  recommends  the  use  ol 
them.  The  pond  may  have  a  flat  floor  of  planks,  on  a  '. 
tlie  bottom  of  the  triangular  notch. 

When  orifices  wholly  immersed  are  used,  round  or  sqi 
■re  the  beat,  because  their  co-efBdents  of  contraction  vary 
those  of  oblong  holes  (see  p.  C80).  If  one  round  or  squc 
insafficient,  a  horizontal  row  of  them  may  be  used. 

A.  weir-gauge  should  be  placed  on  a  straight  part  of  thi 
becanse  if  it  is  placed  on  a  curved  part  the  rush  of  water 
outlet  may  undermine  the  concave  bank  of  the  stream, 
vent  the  weir  itself  from  being  undermined  in  front,  the 
the  channel  below  the  outlet  should  be  protected  by  on 
boards,  or  a  stone  pitching,  or  by  carrying  the  water  Bomi 
forward  in  a  wooden  slioot  or  spout,  placed  so  low  as  not 
any  part  of  the  ontlet. 

Stream-gauges  onght  to  be  observed  once  a-day  at  1 
oftener  when  the  flow  of  the  stream,  is  in  a  state  of  m 
tion,  aa  it  is  during  the  rise  and  fall  of  floods. 

II.  By  Current  Meters. — In  large  streams  the  flow  can : 
be  measured  only  by  finding  the  area  of  crosn-section  of  tl 
measuring  by  suitable  instruments  the  velocities  of  the  < 
▼ftrioiis  points  in  that  cross-section,  taking  the  mean 
velocities,  auil  multiplying  it  by  the  sectional  area.  '. 
convenieut  instrument  for  such  measurements  of  velocity 
light  revolving  fan,  on  whose  axis  there  is  a  screw,  whicl 
train  of  wheel-work,  carrying  indexes  that  record  the  n 
revolutions  made  in  a  given  time.     The  whole  appaiatus 
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the  end  of  a  pole,  bo  that  it  can  be  immersed  to  diffa«nt  deptbs  ia 
different  parts  of  the  channel.  The  relation  between  the  numbs 
of  revolutions  of  the  fan  per  minute,  and  the  corresponding  vdodtf 
of  the  current,  should  be  determined  expeiimentallj  by  moving  tin 
instrument  with  different  known  velocities  through  a  piece  of  stitt 
water,  and  noting  the  revolutions  of  the  fan  in  a  given  time. 

A  straight  and  uniform  part  of  the  channel  should  alvajs  be 
chosen  for  experiments  on  the  velocity  of  a  stream. 

When  from  the  want  of  the  proper  instrument^  or  any  other 
cause,  the  velocity  of  the  current  cannot  be  measured  at  vaiiov 
points,  the  velocity  of  its  swiftest  part^  which  is  at  the  middle  of  tbe 
surface  of  the  stream,  may  be  measured  by  observing  the  motioiiB 
of  any  convenient  body  floating  down,  and  from  that  greatest  vdo- 
city  the  mean  velocity  may  be  computed  by  the  formula  given  in 
Article  445,  p.  674. 

III.  By  CoLindationfrom  tJte  DecUvUy, — ^For  this  purpose  a  por- 
tion of  the  stream  must  be  carefully  levelled^  cross-sections  hoi^ 
taken  at  intervals;  and  the  dischai^e  is  to  be  calculated  fay 
the  rules  of  Division  I.  of  Article  451,  p.  687.  In  order  thattba 
result  may  be  accurate,  the  part  of  the  stream  chosen  should  have, 
as  nearly  as  possible,  an  uniform  cross-section  and  declivity,  and 
should  be  fi-ee  from  obstruction  to  the  current,  and,  above  all,  fim 
weeds,  which  have  been  known  to  increase  the  frictioQ  vmdf 
tenfold. 

TV.  Estimation  of  Flow  in  Different  Tears. — The  dischacge  fl£  a 
stream  during  a  certain  period  of  observation  having  beexL  aaoer- 
tained,  may  be  used  to  compute  probable  values  of  its  leasts  meta, 
and  greatest  discharge  in  a  series  of  years,  by  multiplying  it  by  ^ 
proportions  borne  by  the  rain-&Il  in  those  years  as  observed  tX  the 
*'  standard  station"  (see  Article  456,  p.  695)  to  the  lain-fsdi  at  tie 
same  station  during  the  period  when  the  stream  was  gauged. 

458.  ordfoaiy  Flow  asd  Flood*. — Questions  often  arise  betven 
the  promoters  of  a  water-work  and  the  owners  and  occupien  of 
land  on  the  banks  of  a  stream  as  to  the  distinction  between  ti» 
**  ordinary"  or  "  average  summer  discharge"  of  a  stream  and  tfce 
"flood  discharge."  The  distinction  is  in  general  not  diffienliw 
draw  by  an  engineer  who  personally  inspects  the  stream  at  €bA 
time  that  its  flow  is  gauged;  but  to  provide  for  the  case  of  wbA 
inspection  being  impracticable,  Mr.  Leslie  has  proposed  snarhittuy 
rule  for  drawing  that  distinction,  which  many  engineeis 
adopted.     It  is  as  follows : — 

Ilange  the  discharges  as  observed  daily  in  their  order  of 
tude. 

Divide  the  list  thus  arranged  into  an  upper  quarter,  a  imd^ 
half,  and  a  lower  quarter. 
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The  dischaiges  in  the  upper  quarter  of  the  list  are  to  be  cousi* 
dered  as  floods. 

For  each  of  the  flood  discharges  thus  distinguished  substitute  the 
Ofcerage  of  the  middle  half  of  t/te  list,  and  take  the  mean  of  the 
whole  list,  as  thus  modified,  for  the  ordinary  or  average  discluirge, 
€3uhuive  offlood^waters. 

It  appears  that  the  ordinary  discharge,  as  computed  by  this 
method  in  a  number  of  examples  of  actual  sti'cams  in  hilly  districts, 
ranges  from  one-third  to  one-f&wrth  of  the  mean  discJiarge,  including 
.floods;  being  a  result  in  accordance  with  those  anived  at  by  engi- 
neers who  have  distinguished  floods  from  ordinary  discharges  to 
the  best  of  their  judgment,  without  following  rules. 

459.  ncsMireiMeac  •f  Flow  !■  Pi  pea. — ^The  Water  Meters,  or 
instruments  for  measuring  the  flow  in  pipes,  now  commonly  used, 
may  be  divided  into  two  classes — ^piston  meters  and  wheel  meters. 

A  piston  meter  is  a  small  double-acting  water-pressure  engine, 
driven  by  the  flow  of  water  to  be  measured.  That  of  Messrs. 
Ohadwick  and  Frost  records  the  number  of  strokes  made  by  the 
piston,  each  stroke  corresponding  to  a  certain  volume  of  water. 
That  of  Mr.  Kennedy  is  so  constructed  that,  by  means  of  a  rack  on 
the  piston-rod  driving  pinions,  the  distance  traversed  by  the  piston 
is  recorded  by  a  train  of  wheel-work,  with  dial-plates  and  indexes. 

An  example  of  a  wheel  meter  is  that  of  Mr.  Siemens,  being  a 
email  reaction  turbine  or  "  Barker's  mill,"  driven  by  the  flow.  The 
revolutions  are  recorded  by  a  train  of  wheel- work,  with  dial-plates 
and  indexes. 

Another  example  of  a  wheel  meter  is  that  of  Mr.  Gorman,  being 
«  fsxnBUlfan  turbine  or  vortex  wheel  driven  by  the  flow,  and  driving 
the  indexes  of  dial-plates. 

The  ordinary  errors  of  a  good  water  meter  are  from  ^  to  1  per 
centu ;  in  extreme  cases  of  variation  of  pressure  and  speed  errors 
may  occur  of  2^  per  cent. 

The  value  of  the  revolutions  of  a  wheel  meter  should  be  ascer- 
tained experimentally,  by  finding  the  number  of  revolutions  made 
daring  the  filling  of  a  tank  of  known  ca]xicity. 

For  descriptions  of  several  kinds  of  water  meters,  see  the  TraJis- 
cdionB  of  the  Institfution  of  Mechanical  Engineers  for  18J6. 


Section  III. — Of  Store  Reservoirs. 

460.   PorpOMW  WkmA  Cnpacltr  •<*  Slor«  Rcaerrolra. — A  storo  resCT* 

voir  is  a  place  for  storing  water,  by  retaining  the  excess  of  rain-fall 
in  times  of  flood,  and  letting  it  off  by  degrees  in  times  of  droughtb 
It  eflects  one  or  more  of  the  following  purposes : — 
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To  prevent  damage  by  floods  to  the  ooxmtiy  below  the  reserroin 

To  prevent  the  evil  consequences  of  droughi& 

To  increase  the  ordinarj  or  available  flow  of  a  stream  by  adding 
to  it  the  whole  or  part  of  the  flood- waters. 

To  enable  water  to  be  diverted  from  a  stream  without  dimidshing 
the  "  ordinary  "  or  "  aveitige  summer  flow/'  as  defined  in  Aitick 
458,  p.  698. 

To  allow  mechanical  impurities  to  settle. 

T)ie  available  capacity  or  storage^oom  of  a  reservoir  is  the  toIidm 
contained  between  the  highest  and  lowest  working  water-levels, 
and  is  less  than  the  total  capcunti/  by  the  volume  of  the  qiaoe  bdov 
the  lowest  woi'king  water-level,  which  is  left  as  a  place  far  the 
collection  of  sediment,  and  which  is  either  kept  always  full,  or  oolj 
emptied  when  it  is  absolutely  necessary  to  do  so  for  purposes  d 
cleansing  and  repair.  It  is  impossible  to  lay  down  an  univeial 
rule  for  the  volume  of  the  space  so  lefb^  or  ^'bottom**  as  it  ii  called; 
but  in  some  good  examples  of  artificial  reservoirs  it  occupies  sbout 
one-sixth  of  the  greatest  depth  of  water  at  the  deepest  part  of  ths 
reservoir. 

The  absolute  storage-room  required  in  a  reservoir  is  regulated  bf 
two  circumstances : — the  demand  for  water,  and  the  extent  to  wkick 
the  supply  fluctuates. 

The  demand  is  usually  a  certain  unifoam  quantity  per  day. 
Experience  has  shown  that  about  120  day^  demand  is  the  kak 
Ktorage-room  that  has  proved  sufficient  in  the  climate  of  Britatn; 
in  some  cases  it  has  proved  insufficient;  and  even  a  storage  equal  to 
140  days'  demand  has  been  known  to  fail  in  a  very  diy  season;  and 
consequently  some  engineers  advise  that  every  store  reserfdr 
should  if  possible  contain  six  morUh£  demand. 

From  data  respecting  various  existing  reservoirs  and  gallierin^ 
grounds,  given  by  Mr.  Beardmore  {Hydraulic  TabUe)^  it 
that  the  storage-room  varies  from  one-Mrd  to  one-half  of  the 
able  anmual  rain-faJlL 

The  best  rule  for  estimating  the  available  capacity  required  ia  a 
store  reservoir  would  probably  be  one  founded  upon  takii^  mto 
account  the  supply  as  well  as  the  demand     For  example— 

180  days  of  Hie  excess  of  the  daily  demand^  above  the  least 
supply,  as  ascertained  by  gauging  and  computation  in  the 
described  in  the  preceding  section. 

In  order  tliat  a  reservou*  of  the  capacity  prescribed  by  tiie  |«e» 
ceding  rule  may  be  efficient,  it  is  essential  that  the  leasi  availsUi 
annual  rainrfaU  of  the  gathering-gix)und  should  be  tmfllir*— ^  * 
supply  a  year's  demand  for  toater. 

To  enable  the  gathering-ground  to  supply  a  demand  Ibr 
oorresponding  to  the  average  available  annual  ramfaU^  the 
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Mai  d^idency  of  available  rain-iall  below  such  average,  whether 
confined  to  one  year  or  extendiDg  over  a  series  of  years,  must  be 
ascertained,  and  an  addition  equal  to  such  deficiency  made  to  the 
reservoir  room;  but  it  is  in  general  safer,  as  well  as  less  expensive, 
to  extend  the  gathering-ground  so  that  the  least  annual  supply  may 
be  sufficient  for  the  demand. 

The  foregoing  principles  as  to  capacity  have  reference  to  those 
cases  in  which  the  water  is  to  be  used  to  supply  a  demand  for 
^ter.  When  the  sole  object  of  'Uie  reservoir  is  to  prevent  floods 
in  the  lower  parts  of  the  stream,  it  ought  to  be  able  to  contain  the 
ascertained  greatest  total  excess  of  the  available  rain-fall  duiing  a 
season  of  flood  above  the  greatest  discharging  capacity  of  the  stream 
oonsiHtent  with  freedom  from  damage  to  the  country. 

461.  BcMTT^ir  SUM. — In  choosing  the  site  of  a  reservoir,  tho 
engineer  has  three  things  chiefly  to  consider:  the  elevation,  tho 
configaration  of  the  ground,  and  the  materials,  especially  those 
which  will  form  the  foundations  of  the  embankment  or  embank- 
ments by  which  the  water  is  to  be  retained. 

L  The  ElevcUion  of  the  site  must  at  once  be  so  high  that  from 
tiie  lowest  water-level  there  shall  be  sufficient  fall  for  the  pipes, 
conduits,  or  other  channels  by  which  the  water  is  to  be  discharged, 
and  at  the  same  time  so  low  that  there  shall  be  a  sufficient  gather- 
ing-ground above  the  highest  water-level. 

IL  The  ConfigurcUion  of  the  Ground  best  suited  for  a  reservoir 
lite  is  that  in  which  a  large  basin  can  be  enclosed  by  embanking 
across  a  narrow  gorge.  To  enable  the  engineer  to  compare  such 
>9te8  with  each  other,  and  to  calculate  their  capacities,  plans  with 
frequent  contour-lines  are  very  useful  (Article  59,  p.  05),  or  in  the 
absence  of  contour-lines,  numerous  cross-sections  of  tne  valleys. 
The  water's  edge  of  the  reservoir  is  itself  a  contour-line.  After  the 
site  of  a  reservoir  has  been  fixed,  a  plan  of  it  should  be  prepared 
with  contour-lines  numerous  and  close  enough  to  enable  the 
engineer  to  compute  the  capacity  of  every  foot  in  depth  from  the 
lowest  to  the  highest  water-level,  so  that  when  the  reservoir  is  con- 
tracted and  in  use,  the  inspection  of  a  vertical  scale  fixed  in  it 
nay  show  how  much  water  there  is  in  store. 

Care  should  be  taken  to  observe  whether  the  basin  of  a  projected 
teservoir  site  has,  besides  its  lowest  outlet,  higher  outlets  through 
which  the  water  may  escape  when  the  lowest  outlet  is  closed, 
unless  they  also  are  dosed  by  embankments. 

The  figure  of  the  ground  at  the  site  of  a  proposed  reservoir 
embankment  must  be  determined  with  care  and  accuracy,  by  making 
not  only  a  longitudinal  section  along  the  centre  line  of  the  embank- 
ment (which  section  will  be  a  cross-section  as  regards  the  valley), 
Wt  several  cross-sections  of  the  site  of  the  embankment,  which  should 
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be  at  right  angles  to  the  longitudinal  section,  nnlesB  there  u  Bome 
special  reason  for  placing  them  otherwise;  One  of  these  eras- 
sections  of  the  embankment  site  should  run  along  the  course  of  tfao 
existing  outlet  of  the  reservoir  site  (usuallj  a  stream),  and  another 
along  the  course  of  the  intended  outlet  (usuallj  a  culvert  eontaiinog 
one  or  more  pipes). 

III.  Material, — The  materials  of  the  site  of  the  intended  embtok- 
ment  should  be  either  imijervious  to  water  or  capable  of  beii^ 
easily  i^moved  so  far  as  they  are  pervious,  in  order  to  leave  a  vat»- 
tight  foundation;  and  their  nature  is  to  be  ascertained  by  boiingi 
and  trial  pits,  as  to  which,  see  Article  187,  p.  331,  and  Aitide  SdU 
p.  598  ;  and,  if  necessary,  by  minea  (Article  392,  p.  59L)  In  many 
cases  it  is  not  sufficient  to  confine  this  examination  to  the  site  <^ 
the  embankment;  but  the  bottom  and  sides  of  the  reservoir-haBii 
must  be  examined  also,  in  order  to  ascertain  whether  they  do  not 
contain  the  outcrop  of  porous  strata,  which  may  conduct  away  the 
impounded  water.  The  best  material  for  the  foundation  of  a  icaer 
voir  embankment  is  clay,  and  the  next^  compact  rock  free  from 
fissures.  Springs  rising  under  the  base  of  the  embankment  are  to 
be  carefully  avoided. 

The  engineer  should  ascertain  where  earth  is  to  be  found  soit- 
able  for  making  the  embankment,  and  especially  clay  fit  for  puddle: 

462.  i^aad  Awash  means  land  which  lies  near  the  maigin  of  a 
reservoir,  at  a  height  not  exceeding  three  feet  above  the  top  water- 
level,  and  whose  drainage  is  consequently  injured.  The  promotera 
of  the  reservoir  ai-e  sometimes  obliged  to  purchase  such  land.  It» 
boundary  is  of  course  a  contour-line. 

463.  CooatnicttoM  of  ReMrroIr  BmbaiAaiMita. — L  Cfenenl  Fiffm9 
and  Dimensions. — ^A  reservoir  embankment  rises  at  least  3  feet 
above  the  top  water-level,  and  in  some  cases  4,  6,  or  even  10  feet  Ifc 
has  a  level  top,  whose  breadth  may  be  in  ordinaiy  cwBes  about  om^ 
third  of  the  greatest  height  of  the  embankment ;  the  outer  slope,  or 
that  furthest  from  the  water,  may  have  an  indinatiou  r^ulated  If 
the  stability  of  the  material,  such  asl^tol,  or2tol;  the  inner 
slope,  or  that  next  the  water,  is  always  made  flatter,  its  moat  coaa- 
mon  inclination  being  3  to  1. 

II.  The  SeUing-out  of  the  boundaries  of  the  embankment  <»  the 
ground  (see  Article  67,  p.  1 13)  is  to  be  performed  with  great  aocniMy, 
by  the  aid  of  the  cross-sections  already  mentioned  in  a  pugediBg 
article.  The  following  method  also  has  been  found  otmvenieBt  in 
suitable  situations.  On  the  side  of  the  valley,  at  one  end  of  the  pro- 
posed embankment,  erect  upon  props  a  wooden  raQ,  with  its  upptr 
edge  exactly  horizontal,  and  exactly  in  the  plane  of  the  slope  to  be«t 
out.  At  a  convenient  distance  back  from  the  ndl  as  legaids  ti« 
slope,  set  up  a  prop  supporting  a  sight  having  a  anudl  &fois^ 


cttctlf  in  the  plane  of  the  slope  to  be  set  ont. 
tuged  from  the  Bight  eo  as  to  murk  poiats  on  the  f 
*ith  the  upper  edge  of  the  mil  will  give  the  foot  of 
The  same  mil  (with  two  different  Bights)  may  be 
both  slopes,  if  its  upper  edge  coincides  with  thei 
RCtioD.  Let  the  inner  alope  be  «  to  1,  the  out«r  ^  \ 
of  tiie  top  of  the  embankinent  h ;  then  the  height  of 
tawctioa  abore  the  top  of  the  embuakment  ia, 

»*(•  +  •■); 

■nd  its  horizontal  distance  outwards  from  the  ce 
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^  instmineDt  consiiiting  of  a  bar  with  two  bi] 
toning  abcnt  an  axis  adjuiited  so  as  to  be  perpe 
■lope  to  be  r&ngMt  has  been  used  foi  the  same  purp< 

111  PTt^aring  the  Foundation. — The  foundatio 
pued  by  stripping  off  the  soil,  and  excavating  ai 
ponms  materuJs,  sacb  as  sand,  gravel,  and  fissun 
compact  and  water-tight  bed  is  reached.* 

Iv.  The  Culvert  for  the  outlet-pipea  ia  next 
cement  or  strong  hydraulic  mortar,  resting  on  a  be 
rancret^  Its  internal  dimensionH  muat  be  sufficient 
loceaa  of  workmen  beside  the  pipe  or  pipes  which 
The  principles  which  should  regulate  its  figure  ai 
those  which  have  been  explained  in  Article  297 . 
eater  or  down-stream  end  of  the  culvert  is  usually 
bsa  wing-walla  anataining  the  tbmst  of  part  of  th 
the  emWnkment;  the  inner  or  up-stream  end  ia  nau 
nter-tight  masonry,  through  which  the  lowest  or 
jnpe  paaaes.  In  some  reservoira  there  ia  a  WBt«p-t 
nusonry  at  an  intermediate  point  in  the  culvert.  ' 
he  well  coated  with  clay  puddle.  (Article  206,  j 
best  constructed  reservoirs  a  lower  stands  on  the  i 
culvert,  to  contain  outlet-pipes  for  drawing  watet 
levels,  with  valves,  and  mechanism  for  opening  anc 

Sometimes  a  cast  iron  pipe  ia  laid  without  any  ci 

*  Tbe  fidlowing  method  vta  nied  bj  JirdinB  to  cleir  Dnsoni 
Ibi  rock  fijuadatiaii  of  the  cmbiiikTiieut  of  Glencoras  rseervd 
A  Jtjst  of  day  puddle  wu  ipnid  and  well  nnnned  over  the 
Md  mu  then  tarn  oS,  when  all  the  flmnd  ftigmmti  cam*  ai 
ihM  et  pBddle,  leaving  a  ndaoa  of  Knuid  rode  for  tbs  Ibondal 
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Y.  Making  the  EmbarJemerU. — ^The  embankment  is  to  be  mide 
of  clay  in  thin  horizontal  layers,  as  described  in  Artide  199, 
Division  III.,  p.  341.  The  central  part  of  the  embankment  duwld 
be  a  *^  puddle  vxdl"  of  a  thickness  at  the  base  equal  to  about  (me- 
third  of  its  height;  it  may  diminish  to  about  two-thirds  or  one* 
half  of  that  thickness  at  the  top.  Great  care  must  be  taken  tint 
the  puddle  wall  makes  a  perfectly  water-tight  joint  with  the  ground 
throughout  the  whole  of  its  course^  and  also  with  the  paddle  coatiog 
of  the  culvert.* 

During  the  construction  of  a  reservoir  embankment  care  should 
be  taken  to  provide  a  temporary  outlet  for  the  water  of  its  gather- 
ing-ground, sufficient  to  carry  away  the  greatest  flood-disdiarge. 
This  may  be  done  either  by  having  a  pipe  sufficient  for  the  pnipoae 
traversing  the  culvert,  or  by  completing  a  sufficient  bye- wash  bdfarB 
the  embankment  is  commenced. 

YI.  Protection  o/ Slopes  and  Top. — ^The  outer  slope  is  usoaDj 
protected  from  the  weather  by  being  covered  with  sods  of  gruE. 
The  inner  slope  is  usually  pitched  or  faced  with  dry  stone  set  on 
edge  by  hand,  about  a  foot  thick,  up  to  about  three  feet  above  the 
top  water-level,  and  as  much  higher  as  waves  and  spray  aie  found  t» 
rise.  The  top  of  the  embankment  may  be  covert  with  sods  like 
the  outer  slope;  but  it  is  often  convenient  to  make  a  roadway  upon 
it;  in  either  case  it  should  be  dressed  so  as  to  have  a  slight  oon- 
vexity  in  the  middle,  like  that  given  to  ordinary  roads,  in  order 
that  water  may  run  off  it  readily. 

No  trees  or  shrubs  should  be  allowed  to  grow  on  a  resenioir 
embankment,  as  their  roots  pierce  it  and  make  openings  for  the 
penetration  of  water.  For  Ihe  same  reason  no  stakes  should  he 
driven  into  it 

464.  Appcndfi«M  of  Store  Rewrroirfc  —  L  The  Woste-weir  is  an 
appendage  essential  to  the  safety  of  every  reservoir.  It  is  a  wdr 
at  such  a  level,  and  of  such  a  length,  as  to  be  capable  of  dtsduuging 
from  the  reservoir  the  greatest  flood-discharge  of  the  streams  whkk 
aupply  it,  without  causing  the  water-level  to  rise  to  a  dangerooB 
height  (As  to  the  discharge  over  a  weir,  see  Article  449,  Diviaons 
XL,  III.,  YI,  and  YIL,  pp.  682  to  684.)  The  water  discharged  om 
the  weir  is  to  be  received  into  a  channel,  open  or  covered,  as  the 
situation  may  require,  and  conducted  into  the  natural  water-coune 
below  the  reservoir  embankment  The  weir  is  to  be  baih  of  ashltf 
or  squared  hammer-dressed  masonry;  the  bottom  of  the 


*  The  lata  Mr.  Smith  of  Deanston  lammed  and  paddled  eadi  aiwiia  li«w 
of  a  reservoir  embanJcment  by  erecdng  a  rail-feDoe  •Umg  each  aide  of  It,  aad  diMi( 
•  flock  of  slieep  several  times  backwards  and  forwards  ^kmg  It 

Clay  puddle  may  be  protected  against  the  bonowing  of  rata  hr  a  vdztvt  tf 
engine  ashes,  care  being  taken  not  to  add  lo  much  aa  to  maka  it  perriwn  to  wmu 
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diaunel,  directly  in  front  of  it,  is  best  protected  bya  B 
stone  steps,  which  break  the  fall  of  the  W8t«r.  Instec 
weir,  a  matte-pit  has  in  some  cases  been  used;  ths 
tower  rising  through  or  near  the  embankment  to  tl 
level ;  the  waste  water  faLs  into  this  tower  and  is  car 
•  culvert  from  its  bottom;  but  the  efficient^  and  safet; 
trivance  are  very  questionable,  for  it  seldom  can  hav 
extent  of  over&ll  at  the  top. 

IL  Wa»t»-»luice»  niay  be  opened  to  asaist  the  waab 
dialling  an  excessive  supply  of  wat«r.  (They  may  eit 
the  control  of  a  man  in  charge  of  the  reservoir,  or 
self-acting.  The  mmplest  and  best  self-acting  waste- 
of  M.  Ch&ubart,  as  to  which,  see  A  Manual  of&eSleat 
olAer  Prime  MoveM,  Article  139,  p.  153. 

IIL  Cvlmi,  Yaive-Tauxr,  Bridge,  OtUltt-Pipe»  and 
culvert  and  its  tower  have  been  mentioned  in  the  prec 
When  the  tower  is  imbedded  in  the  embankment)  as 
ii,  it  is  called  the  valve-pit;  but  the  best  position  fo 
reservoir,  just  clear  of  the  embankment;  and  then 
bridge  is  required  to  give  access  to  it  from  the  top  of 

When  the  object  of  a  store  resei-voir  is  simply  to 
flow  of  a  stream,  in  order  to  protect  the  lower  countr 
and  to  obtain  an  increased  ordinary  flow  available  for  i 
water-power,  one  outlet-pipe  may  be  suSicient,  dischai 
nataral  water-course  below  the  embankment;  but  if  ti 
be  used  for  the  supply  of  a  town,  or  for  any  other  pur] 
cteouness  is  essential,  there  must  bo  at  least  two  outle 
ordinary  di»charge-pipe,  which  takes  the  water  from  a  p( 
not  below  the  lowest  water-level  of  the  reservoir,  in  i 
duct  it  to  the  town  or  place  to  be  supplied ;  and  the  o 
which  takes  the  water  at  or  near  the  lowest  point  in  t 
and  diacharges  it  into  the  natural  water-ooutse  below 
meat,  and  is  only  opened  occasionally  in  order  to  scour  ai 
The  water-course,  where  such  scouring  discharge  falls 
have  its  bottom  protected  by  a  stone  pitching.  Aa  to 
of  pipes,  see  Article  450,  p.  684. 

The  mouthpieces  of  such  pipes  should  be  gnardec 
emtrance  of  stones,  pieces  of  wood,  or  other  bodies 
obstruct  them  or  injure  the  valves,  by  means  of  con' 
The  valves  best  suited  for  them  are  slide  valves,  as  to 
ifaTMial  of  the  SUam  Engine  and  other  Prime  Movers 
p  124. 

IT.  The  Bye-wash  is  a  channel  sometimes  nsed  t 
tiM  reservoir  the  waters  of  the  streams  which  supjJy  i 
2  z 
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aie  turbid  or  otherwise  impure.  Its  dimensions  are  fixed  aocoid- 
ing  to  the  principles  of  Article  451,  p.  685.  Its  course  usuallj  lies 
near  one  margin  of  the  reservoir,  and  is  then  conveniently  sitoated 
for  receiving  the  water  dischai^ed  by  the  waste-weir. 

In  some  cases,  when  a  reservoir  has  been  made  under  a  stipala- 
tion  that  only  the  surplus  above  a  certain  quantity  was  to  be 
allowed  to  flow  into  it  from  the  streams,  tlic  whole  of  the  streuos 
have  been  conducted  past  the  reservoir  in  a  bye-wash,  having  wein 
or  overfidls  along  its  margin,  at  certain  points  in  its  oomrse  above 
the  top  water-level  of  the  reservoir.  The  levels  of  those  weiis  wete 
80  adjusted  that  when  no  more  than  the  prescribed  quantity  flownl 
down  the  bye-wash  none  escaped  over  the  weirs;  but  when  there 
was  any  surplus  flow  in  the  bye- wash,  the  water  in  it  rose  above  ihd 
crests  of  the  weirs,  and  the  surplus  escaped  over  them  into  the 
reservoir. 

Y.  Divenion-euts  are  permanent  bye-washes  for  streams  that  aie 
80  impure  as  to  be  rejected  altogether. 

YL  Feeders  are  small  channels  for  diverting  either  streams  or 
soifiioe  drainage  into  the  reservoir,  and  so  increasing  its  gathering- 
ground.  When  used  to  catch  surface  drainage,  they  have  beoi 
found  to  conduct  to  the  reservoir  from  ane-qtuiTier  to  ane-hslfoi  the 
xain-£dL 

In  connection  with  feeders  for  diverting  streams  into  the  reaer^ 
voir  may  be  mentioned  what  may  be  called  a  eeparaimg-weir^  the 
invention  of  an  assistant  of  Mr.  Bateman,  and  first  used  in  the 
Manchester  wateivworks.  A  weir  built  across  the  channel  of  a 
stream  has  in  front,  and  parallel  to  its  crest,  a  small  conduit  mnniog 
along  its  front  slope  at  such  a  level  that  when  the  stream  is  in  flood, 
and  therefore  turbid,  the  cascade  from  the  top  of  the  weir  onr- 
leaps  the  conduit,  and  runs  down  the  front  slope  into  the  DAtaiml 
chiuinel,  which  conveys  it  to  a  reservoir  for  the  supply  of  milia;  hat 
w^hen  the  flow  is  moderate,  the  cascade  falls  into  the  small  coodixit, 
which  leads  it  into  a  feeder  of  the  store  reservoir  for  the  sopplj  of 
the  city. 

The  horiaontal  distance  x  to  which  a  cascade  from  the  crest  of  a 
weir  will  leap  in  the  course  of  a  given  ^1  z  below  that  crest  maybe 
thus  calculated.  The  mean  velocity  with  which  the  cascade  aha>Si 
from  the  weir-crest  is  nearly 

«=  I  X  8-025  JK^^  =  5-35  Jh^,  ...(!) 

being  the  height  firom  the  weir-crest  to  still  water  in  the  pcol 
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i65.  HemerrMw  Walla. — Betaining  walls  are  often  used  at  the  foot 
of  the  slopes  of  a  reservoir  embankment;  they  are  of  course  to  be 
built  in  strong  and  durable  hydraulic  mortar,  especially  at  the  foot 
of  the  inner  slope.  As  to  their  stability  and  oonstructiony  see 
Articles  265  to  271,  pp.  401  to  410. 

When  the  gorge  to  be  closed  has  a  bottom  of  sound  rock,  a  wall 
of  rubble  masonry,  built  in  strong  hydraulic  mortar,  may  with 
great  advantage,  in  point  of  durability,  be  substituted  for  an  earthen 
embankment;  and  this  is  especially  the  case  when  the  depth  is 
great,  such  as  100  feet  and  upwards.  The  masonry  should  be 
built  with  great  care;  and  continuous  courses  should  be  avoided; 
for  the  bed-joints  of  such  courses  tend  to  become  channels  for  the 
leakage  of  the  water.  In  designing  the  profile  of  the  wall,  with  a 
view  to  stability,  strength,  and  economy  of  material,  the  following 
principles  are  to  be  followed : — 

[1.^  The  inner  face  of  the  wall  to  be  nearly  vertical 
[2.)  At  each  horizontal  section,  the  centre  of  resistance  not  to 
deviate  from  the  middle  of  the  thickness,  inward  when  the  reservoir 
is  empty,  outward  when  full,  to  such  an. extent  as  to  produce  ap- 
preciable tension  at  the  further  face  of  the  wall. 

$3.)  The  intensity  of  the  vertical  pressure  at  the  inner  face  of  the 
1,  when  the  reservoir  is  empty,  and  at  the  outer  face  when  the 
reservoir  is  full,  not  to  exceed  a  safe  limit.  That  limit  may  be 
estimated  as  nearly  equivalent  to  the  weight  of  a  column  of  masonry 
— 160  feet  high  for  the  inner  face,  and  about  125  feet  high  for  the 
outer  face;  the  reason  for  making  the  latter  value  the  smaller 
being,  that  owing  to  the  batter  of  the  outer  face,  the  resultant 
pressure  may  be  considerably  greater  than  the  vertical  pressure, 
especially  near  the  base  of  the  wall. 

466.  i^nke  Rcscrroin. — To  convert  a  natural  lake  into  a  reservoir 
it  must  be  provided  with  a  waste-weir,  and  with  one  or  more  outlets 
at  the  intended  lower  water-level,  controlled  by  valves.  The  out- 
let or  outlets  may  be  made  either  by  building  a  culvert  with  pipes 
in  an  excavation  of  sufficient  depth,  or  by  tunnelling  through  one 
of  the  ridges  that  enclose  the  lake. 

Section  lY.'-^Of  ^cUural  cmd  Artificial  Water-Channda, 

467.  Sarrerlng  «nd  liCrelllBC  of  Water-Chnniicli. — The  principles 

which  connect  the  dimensions,  figure,  declivity,  velocity  of  current, 
and  discharge  of  a  water-channel  have  already  been  fully  set  forth 
in  Articles  444  and  445,  pp.  673  to  674,  and  Articles  451  to  454, 
ppu  QS^  to  691.  In  the  present  section  are  to  be  explained  the 
principles  according  to  which  such-channels,  whether  natural  or 
artificial,  are  consti-ucted,  preserved,  and  improved. 
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The  plans  of  an  existing  or  intended  water-channel  requiie  no 
special  remark  beyond  what  has  already  been  stated  as  to  plam  in 
general  in  the  first  part  of  this  work,  except  ihat  in  the  case  of  exisdng 
streams  liable  to  overflow  their  banks,  they  should  show  the  bound- 
aries of  lands  liable  to  be  flooded,  and  also  of  those  liable  to  be  kid 
atoash  (see  Article  462,  p.  702),  and  that  their  utility  will  be  gnatly 
increased  by  contour-lines.      The  longitudinal  section  should  be 
made  along  the  centre  line  of  a  proposed  channel,  and  along  the 
line  of  the  most  rapid  current  in  an  existing  channel;  and  it  should 
show  the  levels  of  both  banks  as  well  as  those  of  the  bottom  of  the 
channel,  and  of  the  sur&oe  of  the  current  in  its  lowest,  ordinaiy, 
and  flooded  conditions      It  should  be  accompanied  by  numeroos 
cross-sections,  especially  in  the  case  of  existing  streams  of  TsriaUs 
sections;   and  of  those  cross-sections  a  snflicient  number  sfaonU 
extend  completely  across  the  lands  flooded  and  awash,  to  show  the 
figure  of  their  surface.     They  should  include  accurate  drawings  of 
the  archways,  i^oadways,  and  approaches  of  existing  bridges,  also  of 
existing  weirs  and  other  obstructions.     The  nature  of  the  strata 
should  be  ascertained,  as  for  any  piece  of  earthwork,  by  sinking  pits 
and  borings,  and,  in  the  case  of  an  existing  channel,  by  probing  iti 
bottom  also,  and  the  results  should  be  shown  on  the  section  and 
plan. 

468.     Reglm«  or  fNAblllty  of  a  Walcr-Cbwuici. — A  watcr^aond 

is  said  to  be  in  a  state  of  regime  or  Mobility  when  the  materials  of 
its  bed  are  able  to  resist  the  tendency  of  the  current  to  sweep  then 
forward.  The  following  table  shows,  on  the  authority  of  Da  Bua^ 
the  greatest  velocities  of  the  current  dose  to  the  bed,  consLstent  with 
the  stability  of  various  materials  :^ 

Soft  clay, 0'2f;  fjot  per  second. 

Fine  sand, 0*50     „  „ 

Coarse  sand,  and  gravel  as  large  as  peas,  0*70     „  „ 

Gravel  as  large  as  French  beans, 1*00     „  „ 

Gravel  1  inch  in  diameter, 3*25  feet  per  second 

Pebbles  1^  inch  diameter, 3-33     „  „ 

Hea\7' shingle, 4'oo     „  „ 

Soft  i-ock,  biick,  earthenware, 4*50     „  „ 

Eock,  Tarious  kinds, {f^up^iank  " 

As  to  the  relation  between  the  sur&ce  velocity,  the  mean  ydocitj» 
and  the  velocity  close  to  the  bed,  see  Article  445,  pi  674. 

The  condition  of  the  channels  of  streams  which  have  a  rocky  bed 
is  generally  that  of  stability.  When  the  bed  is  stony  or  grardlf 
the  condition  is  most  frequently  that  of  stability  in  the  onlintiy 
"^'""^  of  the  river,  and  instability  in  the  flooded  state. 
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When  the  bed  is  eartliy  ita  imtal  oondition  ia  atlier 
andtwmore,  or permemenlly  tmdaile.  Tbe  foimer  <^  tl 
tioDS  arises  from  the  (act  of  tbe  sbekm  curying  earthj 
nupensioD,  so  that  tbe  bed  consists  of  jiarticles  wbicb  are 
euougfa  to  be  deposited,  and  wbicb  mij  aligbt  incteftae 
would  sweep  away. 

Tbe  bottom  of  a  river  in  •  permaBently  nnstable  coni 
Mnts,  ss  Da  Boat  pointed  out,  ■  araies  of  transTeiM  r 
with  a  gentle  elope  at  tbe  up-stream  side  and  a  steep  sit 
down-stream  side.  Tbe  particles  of  tbe  bed  are  roll 
cntrenb  np  tbe  gentle  slope  till  they  oome  to  the  ci 
ridge,  whence  they  eventually  drop  down  tbe  steep  sli 
boUom  of  a  farrow,  where  they  become  covered  np,  and 
test  till  tbe  gradual  removal  of  tbe  whole  ridge  leaves  I 
exposed. 

When  the  banks,  as  well  as  tbe  bottom,  are  nnstable, 
obuinel  andeigoes  a  continaal  alteration  of  form  and  po 
tbe  banks  are  straight,  they  soon  become  cui'ved,  for  a 
accidental  obstacle  is  safficient  to  divert  the  main  carren' 
acts  more  strongly  on  one  bank  than  on  tbe  other :  the  fc 
ii  8cooi)ed  away,  and  becomes  concave,  and  the  earthy  i 
praded  in  tbe  stream  is  deposited  in  the  less  rapid  pai 
make  tbe  opposite  bank  oonvez.  A  carved  part  of  a  rit 
leads  to  become  continually  more  and  more  carved;  for 
fagsl  force  (or  rather  tbe  tendency  of  the  particles  o 
proceed  in  a  straight  line)  causes  the  particles  of  water  1 
late  towards  the  concave  bank;  the  current  ia  conseqw 
rapid  there  than  towards  tbe  convex  bank,  and  it  scoops 
tbe  bank  and  the  bottom  (unless  they  are  able  to  red 
deposits  tbe  material  in  some  slower  pait  of  the  stream 
fine  qf&e  ^rongeH  ctirrent  is  always  more  circuitous  than 
line  of  the  channel;  and  the  action  of  the  current  tends  ti 
concave  banks  more  concave,  the  convex  banks  more  a 
tbe  whole  course  of  the  river  more  serpentine.  This  go 
the  current  meets  some  material  which  it  cannot  swee 
ontil,  by  the  lengthening  of  the  course  of  the  stream  at 
sequent  flattening  of  its  declivity,  ita  velocity  is  so  mui 
that  it  can  no  longer  scoop  away  its  banks,  and  stabili 
lilted.  In  some  esses  stability  is  never  established;  bu 
presents  a  serpentine  channel  which  continually  changt 
and  position. 

One  of  the  chief  objects  of  engineering,  in  connectioi 
channels  of  streams,  is  to  protect  their  banks  amuiut  t 
action  of  the  current,  so  as  in  some  cases  to  give  ^Jem  th 
which  they  want  in  their  natural  condition,  and  in  otb 
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give  them  tbe  additioiuil  stability  that  is  required  in  order  to  remt 
an  increased  Telocity  of  current,  produced  bj  improTements  in  tha 
oonrae  and  form  of  the  channel 

469.  PMiccti*B«r  RiTcr-Baitiuw — ^The  most  efficient  prateetka 
to  the  banks  of  a  stream  is  a  thick  growth  of  water-plants ;  but  as 
these  form  a  serious  impediment  to  the  current^  artificial  protection 
must  be  substituted  for  them,  at  least  below  the  average  water- 
leveL  Above  that  level  a  plantation  of  small  willows  forms  a  good 
defence  against  the  destructive  action  of  floods ;  but  it  is  not  apffr 
cable  where  there  is  a  towing-patk  The  means  of  artifirnQj 
protecting  rivei^banks  may  be  thus  classed: — L  Fasdnea.  JL 
Timber  sheeting.  IIL  Iron  sheeting.  IV.  Crib-work.  Y.  Stone 
pitching.     YL  Retaining  walls.     YIL  Groins. 

L  FaacineSy  already  referred  to  in  Article  417,  pi  625,  an 
bundles  of  willow  twigs  from  9  to  12  inches  in  diameter :  the  largest 
are  about  20  feet  long,  but  12  feet  is  a  more  common  length :  tib^ 
are  tied  at  every  4  feet,  or  thereabouts.  For  the  })rotection  of  a 
river-bank  below  the  low  water-level  an  ''apron*'  or  "beard**  is  laid, 
consisting  of  fitscines  lying  with  their  length  up  and  down  the  slope 
of  the  bank]  the  upper  ends  are  fastened  down  to  the  bank  widi 
stakes  about  4  four  feet  long;  the  lower  ends  are  sunk,  and  held 
down  under  water  by  loading  them  with  stonesL  To  protect  the 
bank  above  the  low  water-levd  fascines  are  laid  horizontally  in  layen, 
with  their  butt  ends  towards  the  stream,  so  as  to  form  a  seiiei  dt 
steps  rising  at  tbe  same  rate  with  the  slope  of  the  lower  part  of  the 
bank,  or  nearly  so  (say  from  1  to  1  to  3  to  1);  each  layer  is  fastened 
down  with  three  rows  of  stakes  4  ieet  long;  the  heads  of  the  stakes 
rise  8  inches  or  thereabouts  above  the  fuMines,  and  are  laced  or 
wattled  with  wicker-work,  so  as  to  form  a  crib  for  the  retention  of 
a  layer  of  gravel. 

Fascines  usuaUy  last  6  years  above  the  low  water-level  and  10 
years  below. 

IL  Timber  Sheeting  may  consist  either  of  sheet-piles  (alreadr 
described  in  Article  404,  p.  605)  or  of  guide-piles  and  horisontal 
planks,  described  in  Article  409,  p.  613.  The  wales  of  the  sheet- 
piling  or  the  guide-piles  of  the  planking  must  be  tied  back  to 
anchoring-plates  made  of  planks  buried  in  a  firm  stratum  of 
earth  at  a  sufficient  distance  back  from  the  bank.  The  h<^ding 
power  of  such  anchoring-plates  depends  on  the  same  prindples 
as  that  of  iron  anchoring-plates,  as  to  which,  see  Article  27^ 
p.  410. 

m.  Iron  Sheeting  has  already  been  described  in  Artide  ¥^  pt 
606.  It  is  sometimes  used  for  the  fdces  ot  quays  in  navigable  rivoES* 
being  tied  back  to  anchoring-plates.     (Aiticle  272,  pu  410.) 

TY.  As  to  Crib-work,  see  Aiticle  409,  p.  614.     When  used  for  a 
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qnay  or  river-bank  itR  iBteratices  are  rammed  full  of  clay  and 
gravel. 

Y.  Dry  Stone  PitcJUng  is  used  to  protect  earthen  banks,  of  slopes 
ranging  from  tbat  of  1  to  1  to  that  of  2  to  1,  or  flatter.  It  consists 
of  stones  roiigb]y  squared,  and  laid  by  hand  in  courses.  Its  thick- 
ness is  usually  from  8  to  12  inches  at  the  top,  and  increases  in 
going  down  at  the  rate  of  2  or  3  inches  per  yard.  The  foot  of  the 
pitching  must  abut  against  a  foundation  sufficient  to  prevent  it 
from  slipping.  Such  a  foundation  may  be  made  by  sinking  a  row 
of  oblong  baskets,  each  containing  about  2  cubic  yards  of  gravel,  or 
by  driving  a  row  of  piles  with  horizontal  wales  at  the  inner  side  of 
their  heads;  the  strength  of  the  wales  is  a  matter  of  calculation; 
they  have  to  resist  a  maximum  pressure  =::  weight  of  pitching  x  rise 
of  slope  -f-  length  of  slope,  the  friction  of  the  pitching  on  the 
earth  being  neglected  for  the  sake  of  security. 

VI.  Retaining  WaUs  are  used  chiefly  whei'e  quays  are  required, 
snd  will  be  again  mentioned  further  on. 

VIL  Grcins  are  small  dykes  projecting  at  right  angles  to  the 
bank  to  be  protected,  and  are  made  either  of  loose  stones,  of  piles 
and  planks,  or  of  wattled  stakes.  Each  groin  protects  a  portion  of 
the  bank  of  about ^r^  times  its  own  length,  and  usually  causes  the 
current  that  sweeps  round  its  point  to  scoop  out  an  excavation  in 
the  bottom  of  the  channel  of  a  breadth  equal  to  about  one-quarter 
of  the  length  of  the  groin,  the  material  scooped  out  being  deposited 
in  the  space  between  the  groins.  Groins,  besides  being  an  obstruo- 
tion  to  the  cuirent,  are  injurious  to  the  regularity  of  figure  and 
stability  of  the  bottom  of  the  channel,  and  should  only  be  used  as  a 
temporaiy  expedient  to  protect  the  banks,  until  works  of  a  better 
description  can  be  completed. 

470.  iMproTcaieiit  of  Birer^JhaBMei* — ^The  defects  in  a  river- 
channel  which  are  to  be  removed  by  improvements  are  usually  of 
the  following  kinds: — The  channel  may  be  too  shallow,  either 
generally  or  in  particular  places;  it  may  be  too  narrow,  either 
generally  or  in  particular  places ;  it  may  even  in  particular  places 
be  too  wide,  if  the  breadth  is  so  great  as  to  cause  the  formation  of 
shoals  by  enfeebling  the  current ;  its  declivity  may  be  too  flat^ 
either  from  the  existence  of  obstacles,  such  as  shoals,  islands,  weirs^ 
ill-constructed  bridges,  or  the  like,  or  from  its  course  being  too 
circuitous ;  occasionally,  but  rarely,  the  declivity  may  be  too  steep 
at  particular  places,  giving  rise  to  a  current  so  rapid  as  to  make  it 
impossible  to  preserve  the  stability  of  the  bed;  but  this  defect 
generally  arises  from  the  declivity  being  too  flat  elsewhere;  it  maj 
contain  sharp  turns,  injurious  to  the  stability  of  the  banks;  it  may 
be  divided  into  branches,  so  as  to  enfeeble  the  current 

Setting  aside  for  the  present  di'oetwyM  of  the  cowne  of  a 
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which  will  be  considered  in  the  neict  article,  the  woiks  for  ibs 
improvement  of  the  channel  consist  mainly  of: — L  Excavations  to 
remove  iskndB  and  shoals,  and  widen  narrow  places.  IL  Beguktio^ 
dykes,  to  contract  wide  shallows.  IIL  Works  for  stopping  uselesi 
branches^ 

Before  commencing  alterations  of  any  kind  in  a  river-chanod 
carefol  calculations  should  be  made,  according  to  the  prindpla 
explained  in  Section  I.  of  this  chapter,  of  the  probable  effect  of 
such  alterations  on  the  level,  declivity,  and  velocity  of  the  cuneat 
in  different  states  of  the  river.  The  object  kept  in  view  should  be 
to  obtain  a  channel  either  of  nearly  uniform  section,  or  of  a  aectioQ 
gradually  enlarging  from  above  downwards,  with  a  current  that 
shall  be  sufficient  to  discharge  flood- waters  without  overflowing  Um 
banks  more  than  can  be  avoided,  and  at  the  same  time  not  so  ra{wi 
as  to  make  it  difficult  or  impossible  to  preserve  the  stability  oi  the 
channel 

All  improvements  of  river-channels  should  be  b^;un  at  tlie 
lowest  point  to  be  altered,  and  continued  upwards;  beoiuae  eveiy 
improvement  takes  effect  on  the  parts  of  the  stream  above  it^ 

L  JSxoavcUion  under  water,  by  hand  dredging,  machine  diedgio^, 
and  blasting,  has  been  described  in  Article  410,  p.  614.  When  the 
current  is  at  a  low  level,  it  may  occasionally  be  advantageous  to 
excavate  parts  of  the  bed  by  enclosing  them  with  temporaiy  dame 
as  if  for  foundations  (Article  409,  p.  611),  and  laying  them  diy. 
Excavation  of  a  muddy,  sandy,  or  gravelly  bottom,  by  the  aid  of  the 
current,  is  performed  by  mooring  at  the  place  to  be  deepened  a 
boat,  furnished  with  a  transverse  projecting  frame  covered  with 
boards  or  canvas;  this  frame  descends  to  within  3  or  4  indiei  of 
the  bottom  of  the  channel,  and  the  current^  forced  through  thai 
narrow  opening,  scoops  out  the  material  and  sweeps  it  away.  From 
30  to  70  cubic  yards  per  day  have  been  excavated  in  this  manner 
with  a  single  boat 

IL  ReguUUing  Dykes  should  be  adopted  with  great  caution,  and 
only  where  the  excessive  width  of  the  channel  is  an  undoabteil 
cause  of  shallowness.  They  shoxdd  not  in  any  case  rise  much 
above  the  low  water-level,  lest  they  contract  too  much  the  spaee 
for  flood-waters.  They  may  be  built  either  of  diy  stone,  with  i 
slope  of  about  1  to  1,  or  of  wattled  piles  and  graveL  The  ordinuy 
rules  for  the  construction  of  dykes  of  the  latter  kind  are  tf 
follows : — The  piles  in  a  double  row  to  be  driven  into  the  gnvoiKl 
to  a  depth  equal  to  twice  the  depth  of  water;  their  diameter  nd 
less  than  l-20th  of  their  length ;  their  distance  apart  longitndinaliy 
to  be  equal  to  the  depth  of  water;  the  distance  tmnsverseir 
between  the  ix>ws  of  piles  to  be  once  and  a-half  the  depth  H 
water.     They  are  to  bo  tied  together  transversely,  and  wftttkd  wA 
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willow    twigs,  and  the  space  between  the  two  rows  filled  with 
graveL 

IIL  The  Stopping  of  Branches  should  be  performed  at  their 
upper  ends.  In  a  gentle  current  it  may  be  effected  by  means 
of  an  embankment  of  stones  and  gravel,  advancing  simultaneously 
from  the  two  banks  until  it  is  closed  in  the  centre;  in  a  more 
zapid  stream  a  dyke  of  wattled  piles  and  gravel,  made  as  already 
described,  may  be  used ;  should  the  current  be  too  strong  for  either 
of  these  plans,  a  raft,  boat,  or  caisson  (Article  409,  Division  IIL, 
pt  613),  or  a  crib-work  dam  (Article  409,  Division  IV.,  p.  614), 
loaded  with  stones,  is  to  be  moored  across  the  stream  and  sunk. 
The  branch  channel  having  had  its  current  stopped  will  silt  up 
of  iteelE 

471.  Divenioiis  of  RfTcr-Ckaaiiels  are  usually  adopted  for  the 
purpose  of  rendering  the  course  less  circuitous.  In  designing  them 
regard  should  be  had  to  the  principles  already  explained  in  Section 
I.  of  this  chapter,  and  in  the  preceding  articles  of  this  section ;  and 
care  should  be  taken  not  to  make  the  course  too  direct,  lest  the 
current  be  rendered  too  rapid  for  the  stability  of  the  bed.  A 
slightly  curved  channel  is  always  better  than  a  straight  channel ; 
because  in  the  former  the  main  current  takes  a  definite  course, 
being  always  nearest  the  concave  bank;  whereas  in  a  straight 
channel  its  course  is  liable  to  keep  continually  changing. 

The  form  of  cross-section  with  a  horizontal  base  and  sloping  sides 
which  gives  the  least  friction  with  a  given  area  has  already  been 
describe  in  Article  451,  p.  688,  and  it  may  be  adopted  if  the 
stream  is  to  act  solely  as  a  conduit  for  the  conveyance  of  water  ; 
bat  should  it  be  navigable,  a  figure  must  be  adopted  suited  to  the 
convenience  of  the  navigation.  This  will  be  further  coniddei'ed  in 
Chapter  III.  of  this  part 

472.  A  Wcir  is  an  embankment  or  dam,  usually  of  stone,  some- 
times of  timber,  constructed  across  the  channel  of  a  stream.  As  to 
its  effect  on  the  water-level,  see  Articles  452  and  453,  pp.  689 
and  690. 

"When  erected  for  purposes  of  water-power  or  water-supply,  the 
object  of  a  weir  is  partly  to  make  a  small  store  i^eservoir,  but 
principally  to  prolong  a  high  top  water-level  from  its  natural 
aztnation  at  a  place  some  distance  up  the  stream,  to  a  place  where 
water  is  to  be  diverted  from  the  stream  to  drive  machinery,  or  for 
Bome  other  purpose.  When  erected  for  purposes  of  navigation,  the 
object  of  a  weir  is  to  produce  a  long  reach  or  pond  of  deep  and  com- 
paratively still  water,  in  a  place  where  the  river  is  naturally 
shallow  and  rapid. 

In  planning  a  weir  three  things  are  to  be  considered :  its  Una 
and  position,  its  form  of  cross-sectionj  and  its  construction. 
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I.  Line  and  Position  of  a  Weir. — It  is  best  to  avoid  sliarply 
curved  j>arts  of  a  river-cbannel  in  choosing  the  site  of  a  weir,  M 
the  rapid  current  which  rushes  down  its  &ce  in  times  of  flood 
should  undermine  the  concave  bank.     For  the  protection  of  the 
banks  in  any  case,  it  is  advisable  so  to  form  the  weir  that  the 
cascade  from  the  lateral  parts  of  the  crest  shall  be  directed  from  the 
banks,  and  towards  the  centre  of  the  channel.   This  may  be  efiected 
either  by  making  the  weir  slightly  curved  in  plan,  with  the  oo&- 
cavity  at  the  down-stream  side,  or  by  making  it  like  a  Y  in  plan, 
with  the  angle  pointing  up  stream.     Another  mode  of  protecting 
the  banks  is  to  make  the  crest  of  the  weir  slightly  higher  at  the 
ends  than  in  the  middle,  so  that  the  lateral  parts  of  the  cascaik 
may  be  too  feeble  to  do  damage. 

In  order  to  diminish  the  height  and  extent  of  backwater  dunng 
floods,  the  crest  of  the  weir  is  often  made  considerably  longer  thas 
the  breadth  of  the  channel;  tliis  is  effected  either  by  m^ing  it 
cross  the  channel  obliquely,  or  by  using  the  V>shape  alrudy 
described,  the  latter  method  being  the  b^  for  the  stability  of 
the  banks.  The  practical  advantage  of  such  increased  length 
is  doubtful 

IL  Form  of  Cross-section. — The  back  or  np-stream  side  of  a 
weir  is  usually  steep,  ranging  from  vertical  to  a  slope  of  about  1  to 
1 ;  the  top  is  either  level  or  slightly  convex,  and  not  less  than 
about  2  or  3  feet  broad.     In  designing  the  front  or  down-stieam 
slope  of  a  weir,  the  principal  object  is  to  prevent  the  cascade  that 
rushes  over  it  from  undennining  its  base.     The  commonest  method 
is  to  use  a  long  flat  slope  of  3  to  1,  4  to  1,  or  o  to  1,  in  order  that 
the  speed  of  the  current  may  be  diminished  by  fiiction,  and  that 
it  may  strike  the  bottom  of  the  channel  very  obliquely.     A  further 
protection  is  given  to  the  river-bed  by  continuing  the  front  dope  a 
short  distance  below  the  bottom  of  the  channd,  and  then  curvii^ 
it  slightly  upwards.      Another  method  is  to  make  the  front  of  the 
weir  present  a  steep  or  nearly  vertical  face,  over  which  the  italcr 
falls  on  a  nearly  level  apron  or  pitching  of  timber  or  stoae 
Probably  the  best  method  would  be  to  form  the  front  of  the  weir 
into  a  scries  of  steps,  presenting  steep  faces  and  flat  plat^oms 
alternately,  the  general  inclination  being  about  3  to  1;  thus  a 
great  fall  might  be  broken  up  into  a  series  of  small  fklls,  eadi 
incapable  of  damaging  the  platfoi-m  which  receives  it. 

III.  Construction, — ^In  oi'der  that  the  water  of  t^e  pond  bhit 
not  force  its  way  imder  the  base  of  a  weir,  or  round  its  ^  jwAm* 
(as  the  ends  which  join  the  banks  of  the  stream  are  calkd)^  iti 
foundation  should  be  examined,  chosen,  and  formed  with  precautioBi 
similar  to  those  used  in  the  case  of  a  reservoir  embankment^  as  to 
which,  see  Articles  461  and  463,  pp.  701  to  701 
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To  make  a  weir  of  tiiriber,  or  of  timber,  stones,  and  clay  com- 
bined, any  of  the  methods  may  be  employed  which  have  been 
described  under  the  head  of  "Dams,"  in  Article  409,  Divisions 
IL,  IIL,  and  IV.,  with  the  addition  that  the  back,  crest,  and  front 
of  the  dam  are  to  be  covered  with  planking  laid  parallel  to  the 
cmrenty  to  form  an  overfall  for  the  water;  and  that  the  bottom  of 
the  channel  at  the  foot  of  the  weir  is  to  be  protected  either  by  a 
platform  of  planks  zesting  on  a  timber  grating  or  on  piles^  or  by  a 
stone  pitching. 

A  weir  ofjascinea  may  be  built  of  horizontal  layers  of  fascines, 
staked  down  with  mixed  clay  and  gravel  packed  between  them,  in 
the  manner  described  under  the  head  of  the  protection  of  river- banks. 
Article  469,  p.  710,  the  crest,  front,  and  foot  of  the  dam  being  pro- 
tected with  an  apron  of  fascines,  like  that  described  in  the  same 
article. 

A  dry  sUme  weir  is  formed  like  the  stone  embankments 
mentioned  in  Article  412,  p.  617,  with  a  steep  slope  at  the 
bank  and  a  long  gentle  slope  in  front,  pitched  or  faced  with 
roughly  squared  stones  set  in  courses,  as  in  the  pitching  of  a 
river-bank.  Article  469,  p.  711.  Sometimes  a  skeleton  crib  of 
timber,  consisting  of  piles  and  longitudinal  and  transverse  hori- 
zontal wales  is  constructed  in  order  to  keep  the  stones  of  the 
pitching  in  their  place&  As  to  the  pressure  against  the  longi- 
tudinal wales,  see  the  artide  just  quoted 

A  weir  of  solid  masonry  may  bo  founded,  like  other  structui-es 
under  water,  on  the  natural  ground,  on  a  bed  of  concrete,  on  a 
timber  platform,  or  on  piles,  according  to  circumstances.  (See  Part 
IL,  Chapter  VI.,  Section  II.,  p.  601.)  When  it  has  a  timber 
foundation,  a  row  of  sheet-piles  at  the  base  of  the  up-stream  side 
will  in  general  be  necessary  to  prevent  the  passage  of  water  under 
it;  and  in  the  grating  of  the  platform,  pieces  of  timber  running 
continuously  through  tho  weir  in  the  direction  of  the  stream 
should  be  avoided,  lest  they  should  conduct  water  along  their 
sides.  The  masonry  should  be  built  in  cement,  or  in  qiiickly- 
fletting  hydraulic  mortar;  the  heart  of  the  weir  may  be  of  coursed 
rubble,  or  of  concrete  laid  in  layers;  but  the  facing  should  be  of 
good  block-in-course,  or  of  hammer-dressed  ashlar,  and  the  crest 
should  form  a  coping  of  large  stones,  all  headers,  dowelled  to  each 
other. 

One  of  the  most  effectual  ways  of  preventing  filtration  round  tho 
**  roots  "  of  a  weir  is  to  cany  them  a  considerable  distance  into  the 
l)ank ;  but  in  the  case  of  a  weir  of  masonry  the  ends  often  abut 
upon  a  pair  of  side-walls,  running  along  the  banks  of  the  stream, 
and  having  counterforts  beliind  them  to  interrupt  fUtration. 

IV.  Appendages  of  a  Weir — Sluices  and  Floodgates — Salmor^ 
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Hair. — ^When  a  weir  is  built  across  a  navigable  river,  it  reqmm  a 
lock  for  the  passage  of  vessels,  which  will  be  again  menttoned 
further  on.  It  may  have  one  or  more  outlets  with  valvesi  like 
those  of  a  reservoir  embankment  (Article  4G4,  p.  705),  acoordbgto 
the  purpose  for  which  it  is  intended. 

It  is  almost  always  necessary  to  provide  a  weir  with  wute- 
filuices  or  floodgates,  to  be  opened  when  the  river  is  high,  in  order 
to  prevent  too  great  a  rise  of  backwater.  A  sluice  is  a  slidiog 
valve  of  timber  or  iron,  moving  in  guides,  which  are  in  genenl 
vertical,  set  in  a  rectangular  passage  of  timber  or  masonry,  and 
opened  and  shut  by  means  of  a  screw,  or  of  a  rack  and  pinion.  It 
is  advisable  not  to  make  any  sluice  wider  than  about  4  or  5  feet 
Should  a  greater  width  of  opening  be  required,  the  passage  through 
the  weir  is  to  be  divided  by  walls  or  piers  into  a  sufficient  number 
of  parallel  passages,  each  furnished  with  a  sluice.  As  to  the  dis- 
charge through  a  sluice,  see  Articles  448,  449,  p.  681. 

Another  mode  of  opening  and  closing  floodgates  in  a  weir  ii  hr 
means  of  needles^  as  they  are  called.  A  rectangular  diannd 
th]x>ugh  the  weir  is  crossed  at  the  bottom  by  a  fixed  timber  nllf 
and  near  the  top  by  a  moveable  timber  sill,  resting  in  two  notdies. 
The  strength  of  the  sills  is  a  matter  of  calculation :  they  have  to 
withstand  the  pressure  of  the  water  on  a  flat  surface  cloaing  the 
passage.  That  surface  is  made  up  of  the  ^*  needles,"  which  are  a 
set  of  square  bars  of  wood  strong  enough  to  withstand  the  pressure^ 
which  are  ranged  close  together  side  by  side  in  a  veitical  positioa 
at  the  up-stream  side  of  the  sill&  Ei&ch  needle  has  a  cylindzical 
handle  at  its  upper  end,  to  hold  it  by  in  removing  and  replacing  it 

As  to  idf -acting  vxute^tdces,  see  A  Manual  qfths  Steam  EngiM 
and  other  Prime  Movers,  Article  139,  p.  153. 

A  weir  across  a  river  frequented  by  salmon  requires  a  passage  or 
channel  to  enable  those  fish  to  ascend  its  front  slope,  Mr.  Smith 
of  Deanston  introduced  the  practice  of  making  that  channel  of  a 
zig-zag  form,  so  as  to  reduce  its  rate  of  declivity  and  bring  ths 
speed  of  the  current  in  it  within  moderate  limitsi 

A  moveable  weir  consists  in  general  of  a  water-tight  pUnked 
timber  gate,  placed  in  a  rectangular  passage  of  masonry  or  timbei; 
and  capable  of  turning  upon  a  horizontal  hinge  at  the  floor  of  tha 
passage,  so  as  to  be  either  laid  flat  when  the  channel  is  to  be  kft 
clear,  or  set  at  any  required  angle  of  elevation,  sloping  against  the 
declivity  of  the  stream,  vrith  oblique  stmts  to  prop  it  at  tho  dovB- 
stream  side.  In  one  ingenious  modification  of  this  weir  the  doty 
of  the  struts  is  performed  by  a  second  and  smaller  gate,  also  tonu^g 
on  a  horizontal  hinge  at  the  floor  of  the  passage,  but  so  as  to  skips 
vnth  the  stream.  When  the  passage  is  clear,  both  gates  lie  fiat  ia 
a  horizontal  recess  in  the  floor  of  the  passage,  the  smalkr  ffM 
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he  upper  anriace  of  tlie  larger  gate  fliitth  with  the 
e  weir  ia  to  be  raised,  water  is  admitted  throngli  ft 
:t  from  the  np-Btream  edde  of  the  weir  jtassage  into 
'  the  gates;  its  pressure  lifts  them  both  until  thef 

triangDlar  sectioD,  the  larger  gate  tnakiug  the  up- 
d  the  overfall,  and  the  smaller  making  the  down- 
id  acting  at  the  same  time  as  a  strut  to  prop  the 
hen  the  weir  is  to  be  lowered,  the  mass  of  water 

the  gates  is  allowed  to  escape  by  opening  a  valve 
ch  leads  to  the  down-stream  side  of  the  weir;  and 
fall  flat  into  the  recess  of  the  floor.* 
ridlcM. — The  construction  of  the  foundations  on 
:r,  and  of  the  superstructures,  of  bridges  of  various 
;  been  explained  in  Part  II.  of  this  work,  and  their 
}ads  and  railways  in  the  preceding  chapter,  it  ia 
iry  to  state  those  principles  which  are  specially  a]>- 

tbe  site  of  a  bridge  which  is  to  have  piers  in  the 
irved  parts  of  the  channel  should  be  avoided,  lest 
ipidity  of  the  curreut  caused  by  the  narrowing  of 
bould  undermine  the  concave  bank, 
should  be  crossed  at  right  angles,  or  as  nearly  so  as 
le  abutments  should  not  contract  the  water-way. 
any,  should  stand  with  their  length  exactly  in  the 

current;  they  should  have  pointed  or  cylindrical 
h  ends,  to  diminish  the  obstruction  to  the  current 
luce;  and  they  should  be  no  thicker  than  is  neces- 
ty  of  tbe  bridga  (As  to  stone  piere  in  particular, 
p.  428.) 
;  of  the  arches  should  be  above  the  highest  ordinary 

as  much  higher  as  the  convenience  of  the  navi- 
lire;  and  care  should  be  token  that  sufficient  water- 

for  the  greatest  floods.  The  crown  of  the  lowest 
e  at  least  three  feet  above  the  flood-level,  that  they 
ng  bodies  to  pass  through. 

e  observed  that  the  figure  of  arch  which  gives  t' 
r  for  a  given  risi         '  ■    .1      .. .     >      . 

e  283,  p.  419.) 

awsy  u  far  M  piwibia  villi  the  obstractian  occuioiwd  b;  wcira, 
bj  UBgb  UacliaiiiB,  Eaq.  of  ArdroM,  (bat  in  tboaa  cans  in  wbldi 

I  i*  iDffldently  nind,  and  iha  coontij  in  otliCT  rapaow  aaitaUa,  iba 
Dm  a  itream  for  tbs  porpiHs  of  obtaining  powar  ahould  be  aStdad 

with  auitably  formed  Gntad  aperture*  in  iti  roof;  und«t  tha  bad 
^t  whan  ila  water-lavel  baa  tuffldeot  aleralion,  and  ao  ooadact' 

mill-laadofanffldcnllv  larga  dM  and  modarata  dccUvi^, 
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Should  it  appear,  upon  an  examination  of  the  land  subject  to  m- 
nndation  at  and  near  the  site  of  the  intended  bridge,  that  radi 
land  acts  not  merely  as  a  reserroir  for  flood-waters,  bat  td  a  vide 
temporaiy  channel  for  their  dlschai^e,  that  land  shonld  be  crOBBed 
by  a  viaduct,  and  not  by  embanked  approaches. 

In  designing  a  bridge  for  carrying  an  ordinary  road  ovi»  a  riWy 
it  is  usual,  in  order  to  obtain  the  greatest  headroom  possible  con- 
sistent with  economy  in  forming  the  approaches,  to  give  the  road- 
way an  ascent  from  the  ends  of  the  approaches  to  the  middle  of  tlto 
bridge,  at  a  rate  not  exceeding  the  ruling  gradient  of  the  nad;  and 
to  suit  the  arches,  when  there  are  more  than  one,  to  the  fonn  of 
the  roadway,  the  centre  arch  is  made  the  largest,  and  the  othen 
gradually  diminish  in  size  towards  the  ends  oJT  the  bridge.    Thej 
should,  at  the  same  time,  be  so  proportioned  as  to  exert  as  neaily  at 
possible  equal  horizontal  thrust 

Swing  bridges  for  navigable  rivers  will  be  again  menticHMd 
further  on. 

Ice-breakers  are  required  for  the  protection  of  the  piers  of  bribes 
across  rivers  which  bring  down  large  masses  of  ic& 

A  stone  ice-breaker  usually  forms  part  of  the  up-streaoi  cot- 
water  of  the  pier  to  which  it  belongs,  presenting  to  the  coimit  a 
ridge  sloping  at  about  45^,  up  which  the  flat  sheets  of  ioe  sBde, 
and  break  asunder  by  their  own  weight  Examples  of  suc^  ice- 
breakers are  shown  in  the  view  of  the  Victoria  Bridge,  flg.  ^9, 
p.  533. 

A  timber  ice-breaker  stands  usually  separate  from  the  pier  whidi 
it  protects,  at  a  short  distance  up-stream.  The  sloping  ridge  k 
formed  by  a  beam  of  12  or  1-1  inches  square,  covered  with  sheet 
iron.  Its  base  consists  of  piles,  ranged  in  the  form  of  a  long  ilittp 
triangle  with  the  point  up-stream,  connected  with  the  ridge  hf  a 
strong  framework  of  uprights  and  diagonals,  which  are  protected 
against  the  ice  by  projecting  horizontal  wales. 

(On  the  subject  of  river  bridges,  see  Telford's  and  Smeaton*! 
Reports,  and  the  work  On  Bridges  by  Mr.  Hosking  and  oiheis). 

474.   Artlllclnl    Water-Channels  —  C*adall»i — In    laying  OOt   isd 

designing  artificial  water-channels  it  is  advisable,  if  poasible,  so  to 
iix  the  declivity  with  reference  to  the  length,  that  the  veSodtj 
shall  not  be  less  than  about  one  foot  per  second  (lest  the  oooddt 
silt  up),  nor  greater  than  about  four  feet  per  second  (lest  tlie 
current  should  sweep  stones  along,  and  injure  the  bed). 

As  to  the  larger-sized  artificial  wateiK^hannels,  and  as  to  ^oaa 
of  all  sizes  which  are  merely  to  be  used  as  open  drains,  when  thcj 
are  wholly  in  cutting,  it  is  unnecessaiy  to  add  anything  to  vfa^ 
has  already  been  stated  respecting  river-channela,  and 
respecting  their  diversionBy  Article  471,  p.  713.     Artificial 


CONDDITS — JUSCnom  OF  CHUmELS. 

ohannels  in  embaiLkmeDt  will  be  considered  nnder  the 

When  a  channel  is  to  convey  water  for  the  siipply  of  a 
is  usual,  with  a  view  to  the  cleamesa  and  purity  of  the  ■ 
well  as  to  the  preservation  of  the  channel,  to  line  it  th: 
with  brick  or  stone  built  ia  cemeat;  and  in  most  cases  it 
sary  to  cover  it  also,  especially  if  it  tra,ver3cs  districts  whei 
is  imoby  and  otherwise  impure^  When  brick  or  poroua 
used,  the  water-way  may  be  lined  throughout  with  a  C( 
cement,  calcareous  or  asphaltic 

The  water-way  of  a  stone  or  brirJt  conduit  should  be  mad 
rf  those  forms  which  give  the  greatest  hydraulic  mean  de 
figure  of  given  class  and  a  given  area;  that  is  to  eay,  t 
drcle,  the  half-square,  or  the  half-iiexagon,  already  rei 
in  Article  451,  p.  688.  To  preserve  a  constant  defin 
it  may  have  a  series  of  waste-weirs  aloag  its  sides, 
in  posittons  where  there  are  convenient  channels  at  ] 
discharging  the  waste  water.  Should  it  bo  necessary  to 
along  an  embankment,  that  embankment  should  be  fonnei 
layers,  each  well  rammed,  and  should  if  possible  contuii 
mixture  of  stones  witli  the  earth ;  the  breadth  at  the  Uip  s 
from  4  to  G  feet  at  each  side  of  the  conduit,  so  that  1 
Iveadth  at  the  brink  of  the  conduit  will  be  =  breadth  c 
way  +  from  8  to  12  feet,  and  the  masonry  of  the  condui 
be  imbedded  in  puddle  or  in  hydraulic  concrete. 

The  best  form  for  a  covered  conduit  to  convey  a  constant 
for  the  supply  of  a  town,  is  cylindricaL  To  guard  it  againa 
■hoold  be  completely  covered  with  earth  to  the  depth,  ia  Li 
about  3  feet,  the  b:ink  being  &ced  with  sods.  When  it 
tnimel,  or  is  placed  in  deep  cutting  and  covered  wit 
its  strength  ia  regulated  by  the  principles  of  Article 
p433. 

One  of  the  largest  cylindrical  conduits  yet  executed  ii 
tJie  Loch  Katrine  Water- Works,  8  feet  in  diameter. 

A  covered  conduit  should  be  provided,  like  a  tunn 
grated  ventilating  shafts,  which  will  also  serve  to  adi 
for  the  purpose  of  repairing  it. 

When  the  flow  varies  very  much,  as  in  aewera,  an  eg 
section  with  the  small  end  down  ia  [ireferrcd. 

A  recent  invention  in  conduits  is  that  of  Mr.  Gichar 
which  a  cylinder  of  sheet  iron  is  lined  with  brickwork  in 
It  is  suitable  for  making  lai^e  conduits  possessing  great 
and  stability  with  a  moderate  quantity  of  materials 

475.  jHBcUaBB  of  iTBiea-chaDBcib — In  all  cases  in  whit 
oi  wateiHibannels  join  together  into  one,  their  centra 
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possible,  should  be  a  pair  of  curves,  or  a  curve  and  a  staraight  line 
touching  each  other  at  the  junction;  or  should  an  angle  at  the 
junction  be  unavoidable,  that  angle  ought  to  be  as  acute  as 
possible.  This  principle  applies  also  to  the  divergence  of  a  branch 
from  a  main  channel,  and  to  pipes  as  well  as  to  fvoQ  channels. 

476.  Aqacdact  Bridges  differ  from  viaducts  onlj  in  supporting  % 
water-conduit  instead  of  a  road  or  a  railway,  and  the  mechanical 
principles  of  their  construction  involve  nothing  that  has  not  been 
already  explained  in  the  Second  Part  of  this  treatise. 

The  water  conduit  or  traugh  is  usually  of  the  same  material  with 
the  rest  of  the  structure.  For  example,  in  a  stone  aqueduct  the 
conduit  is  of  masonry,  imbedded  in  a  mass  either  of  puddle  or 
of  concrete,  resting  on  the  arch  and  contained  between  the  external 
spandril  walls. 

In  some  recent  examples  of  wrought  iron  aqueducts  introduced  by 
Ml*.  Simpson,  the  water-channel  has  been  made  self-supporting  by 
constructing  it  as  a  plate  iron  tubular  girder  of  oval  section.  In 
this  case  the  interior  of  the  tube  should  be  smooth,  that  it  may  offer 
no  impediment  to  the  current.  All  T-iron  stiffening-rib^  dca, 
should  project  outside  only. 

Pipe-aqueducts  will  be  mentioned  further  on. 

477  i¥nirr-Pipeia« — ^The  diameters  of  water-pipes  are  fixed  with 
rieference  to  the  virtual  declivity  and  the  intended  greatest  dia* 
charge,  according  to  the  rules  explained  in  Article  450,  p.  684. 
The  materials  principally  used  in  making  pip^  for  the  conveyance 
of  large  quantities  of  water  are  earthenware  and  iron. 

I.  Earthenware  Pipes  are  of  various  qualities  as  to  texture,  from 
a  porous  material  like  that  of  red  bricks,  to  a  hard  and  compact 
material,  which  is  glazed  to  make  it  water-tight.  They  are  made 
of  various  diameters,  from  2  inches  to  nearly  3  feet,  and  in  lengths 
of  from  1  foot  to  3  feet.  The  harder  kinds  have  considerable  tenacity, 
and  are  capable  of  bearing  the  dead  pressure  of  a  high  column  of 
water;  but  they  are  so  easily  broken  by  sharp  blows  and  sudden 
shocks  that  it  is  not  advisable  to  expose  them  to  high  pressures  in 
situations  where  their  bursting  might  cause  damage  or  incon- 
venience. Hence  their  chief  use  is  as  ernaU  covered  conduits  for 
pui<poses  of  drainage.  Their  joints  are  most  commonly  of  the 
spigot  and  faucet  form,  being  made  tight,  if  necessaiy,  with  cement^ 
or  with  a  bituminous  mastic.  (Article  234,  p.  376.)  Another  form, 
very  useful  to  facilitate  laying  and  lifting  is  the  thimble-joinL  The 
lengths  of  pipe  are  plain  hollow  cylinders,  and  the  tiiimble  is  a 
ring  embracing  and  loosely  fitting  the  adjoining  ends  of  a  pair  of 
lengths  Sometimes  the  thimble  is  in  two  semicircular  halves; 
and  sometimes  each  pipe  has  on  one  end  a  half-faucet,  which  is  laid 
downwards;  the  end  of  the  adjoining  pipe  rests  in  the  half-£iraoeik 
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and  the  joint  is  completed  by  a  half-thimble  above.  Curved  and 
acute-angled  junction-pieces  are  made :  so  also  are  right-angled 
junction-pieces ;  but  these  last  should  never  be  used. 

II.  Ccui  Iron  Pipes  should  be  made  of  a  soft  and  tough  quality  of 
cast  iron.  (See  Article  353,  p.  499.)  Great  attention  should  be  paid 
to  moulding  them  correctly,  so  that  the  thickness  may  be  exactly 
uniform  all  round.  Each  pipe  should  be  tested  for  air-bubbles  and 
flaws  by  ringing  it  with  a  hammer,  and  for  strength  by  exposing  it 
to  double  the  intended  greatest  working  pressure. 

Cast  iron  water-pipes  are  made  of  various  diameters  or  bores, 
from  2  inches  to  4  feet. 

They  are  usually  moulded  and  cast  horizontally,  the  sand  core 
Ijeing  supported  by  a  strong  horizontal  bar  with  projecting  teeth ; 
hut  advantages  in  point  of  accuracy  and  soundness  are  possessed  by 
the  process  of  casting  them  vertically,  the  faucet  being  turned 
downwards,  and  the  plain  end  upwards.*  The  pipe  is  cast  with  an 
additional  length  at  the  upper  end,  which  acts  as  a  Jiead  (Article 
354,  p.  503),  compressing  the  mass  below,  and  receiving  the  air- 
bubbles;  this  liead  is  afterwards  cut  off. 

The  rule  for  computing  the  thickness  of  a  pipe  to  resist  a  given 
working  pressure  (the  factor  of  safety  being  six)  has  already  been 
given  in  Article  150,  equation  2,  p.  228,  the  pressure  and  tlie 
tenacity  of  the  iron  being  expressed  in  lbs.  per  square  inch ;  but  as 
it  is  more  convenient  to  express  those  quantities  in  feet  ofvKUer,  the 
following  imle  is  given : — 

thickness  _  greatest  working  pressure  in  feet  of  water     ,-  . 
diameter  ""  TpOO  *    ^   ' 

There  are  limitations,  however,  aiising  from  difficulties  in  cast- 
ing, and  from  the  fact  that  the  most  severe  strain  on  a  pipe  is  often 
produced  by  shocks  from  without,  which  cause  the  thickness  of  cast 
iron  pipes  to  be  often  made  considerably  greater  than  that  given 
by  the  above  rule.  The  following  empirical  rule  expresses  very 
accurately  the  limit  to  the  thinness  of  cast  iron  pijyes,  in  ordinary 
practice : — 

The  thickness  of  a  cast  iron  pipe  is  never  to  he  less  tJian  a  mean 
proportional  betiveen  its  internal  diameier  and  oneforty-eighth  of  an 
indi. 

It  is  very  seldom,  indeed,  that  a  less  thickness  than  3-8ths  of  an 
inch  is  used  for  any  pipe,  how  small  soever. 

Cast  iron  pipes  are  made  of  various  lengths;  but  the  most 
common  length  is   9  feet,  exclusive  of  the  faucet  or  socket  on 
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one  end  of  each  length,  for  receiving  the  plain  end  of  the  next 
length.  The  faucet  adds  from  one-twentieth  to  one-tenth  to  the 
weight  of  the  pipe.  The  joints  are  sometimes  ran  np  with  melted 
lead,  sometimes  tamed  so  that  the  plain  end  and  the  faucet  fit  exactly, 
and  made  water-tight  with  red  lead  paint  The  latter  is  the  easier 
and  quicker  process ;  bat  the  former  admits  of  a  greater  amount  of 
yielding  to  expansion  and  contraction,  and  to  the  unequal  aettk- 
ment  of  the  groimd,  which  is  an  advantage  in  point  of  safety. 

III.  The  best  preservative  for  cast  iron  pipes  against  ocnrosion  is 
a  coating  of  pitch,  applied  both  inside  and  out,  by  a  process  whidi 
makes  it  penetrate  the  pores  of  the  iron  to  a  certain  extent,  and 
adhere  very  firmly.  This  coating  appears  to  diminish  sensibly  the 
friction  of  the  water.     (See  p.  795.) 

IV.  In  estimating  the  greatest  working  pressure  which  a  water- 
pipe  should  be  capable  of  resisting,  the  hydrotiatic  pressure  due  to 
the  whole  depth  below  top-water  of  the  reservoir  whence  the 
supply  enters  the  pipe,  and  not  the  mere  hydrtxuUc  pressure  when 
the  water  is  in  motion  (Article  446,  p.  675),  should  be  taken  into 
account,  in  order  to  provide  for  the  contingency  of  the  flow  of  the 
water  being  checked  by  an  obstruction  in  the  pipe. 

Y.  The  loss  of  ?iead  during  the  most  rapid  discharge  should  be 
computed  for  a  series  of  points  in  the  course  of  an  intended  pipe  by 
the  principles  explained  in  the  First  Section  of  this  chapter,  so  as  to 
deteiTaine  the  line  of  virtual  dediviti/,  which  will  commence  at  a 
point  vertically  above  the  mouthpiece  of  the  pipe,  and  at  a  depth 
below  the  top-water  of  the  reservoir  equal  to  the  loss  of  head  doe 
to  th»  velocity  of  flow  in  the  pipe  and  the  friction  of  the  mouth- 
piece The  object  of  determining  that  line  is  to  insure  that  in 
laying  out  the  levels  of  the  pipe  ru>  part  of  it  shall  he  made  to  ria 
above  i  he  line  of  virtual  declivity.  The  reason  for  this  rule  is,  that 
at  all  points  in  a  pipe  which  are  above  that  line,  the  pressure,  when 
the  water  is  flowing,  becomes  less  than  that  of  the  atmosphere  (a 
fact  commonly  described  by  saying  that  there  is  a  '^partial  vacoum,* 
see  Article  443,  p.  673);  in  consequence  of  which  the  air,  which  all 
water  contains  in  a  diflused  state,  escapes  from  the  water  in 
bubbles,  and  eventually  accumulates  in  the  highest  part  of  the  ppe 
so  as  to  obstruct  the  flow  of  the  water. 

A  pipe  thus  rising  above  the  line  of  virtual  declivity  is  called  a 
siplwn,  and  is  incapable  of  continuously  conveying  water  unkes  titf 
air  be  from  time  to  time  exhausted  from  the  sununit  of  the  inpe 

Air  collects  to  a  certain  extent  at  the  summiU  of  an  undalatii^ 
pipe  even  when  they  are  below  the  line  of  virtual  dedivity;  but  as 
it  exerts  a  pressure  greater  than  that  of  the  atmosphere^  it  »  eaai^ 
expelled.  A  small  cylindrical  receiver,  called  an  oMcdt,  9 
placed  above  the  pipe  at  each  such  summit^  to  oolleet  the  air, 
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which  18  from  time  to  time  discharged  through  a  valve.  That  valve 
may  either  be  opened  by  hand  occasionally,  or  it  may  be  loaded 
with  a  weight  equivalent  to  the  hydraulic  pressure,  and  made  self- 
acting.    (See  p.  804.) 

VI.  At  the  lowest  points  in  an  undulating  line  of  water-pipe 
sediment  collects,  and  is  to  be  discharged  from  time  to  time  through 
a  cleansing  or  scouring  cock  or  valve. 

VII.  As  to  slide-valves f  douhle-beat-va^veSj  and  other  valves  and 
cocks  used  in  connection  with  water-pipes,  see  A  Manvxd  of  Prime 
Movers,  Article  116,  p.  120,  and  Articles  119  to  123,  pp.  123  to 
126. 

VIIL  Sheet  Iron  Water-Pipes  lined  with  pitch  have  lately  been 
used  in  France.     (See  p.  805.) 

478.  Pipe-Track — Pipc-Aqacdnctik — Care  should  be  taken  to  bed 
water-pipes  on  a  firm  foundation,  and  to  cover  them  to  a  suflSicient 
depth  to  prevent  the  action  of  frost ;  that  is,  in  Britain,  about  2  or 
3  feet. 

When  a  water-pipe  crosses  a  valley,  or  a  river-channel,  or  a  line 
of  communication,  it  may  sometimes  be  advisable  to  carry  it  above 
ground  by  means  of  an  aqueduct.  This  may  be  a  bridge  of  any 
convenient  construction,  or  it  may  consist  simply  of  the  pipe  itself 
lying  on  a  series  of  piers,  and  cased  outside  with  wood,  or  other 
non-conducting  material,  for  protection  against  heat  and  cold.  For  a 
pipe-aqueduct  of  wide  span,  the  pipe  itself  may  be  made  to  form  a 
catenarian  arch.* 

Tlie  total  thrust  at  the  springing  of  the  arch  under  an  uniform 
load  is  to  be  computed  in  the  usual  way,  being, 

load  per  foot  of  span  X  radius  of  curvature  at  crown  in  feet  X 
secant  of  inclination  at  springing; 

from  which  has  to  be  deducted  the  thrust  borne  by  the  water,  via, 

pressure  of  water  X  sectional  area  of  pipe; 

and  the  remainder  only  of  the  thrust  has  to  be  borne  by  the  iron  of 
the  pipe.     In  fact,  the  arch  o/toater  bears  a  part  of  the  load. 

If  the  arched  pipes  be  made  to  carry  a  roadway,  the  whole  of  the 
staress  produced  by  a  partial  or  travelling  load  will  fall  on  them; 
and  their  strength  is  to  be  computed  by  the  formulse  of  Article 
180,  Pi'oblems  lY.  and  Y.,  pp.  303  to  308,  as  explained  in  treating 
of  cast  iron  arched  ribs.  Article  374,  Case  I.,  p.  539. 

The  wooden  lining  referred  to  as  a  protection  against  frost 

*  Of  this  then  is  an  example  on  the  Washington  Water-Works,  designed  by 
General  Heigs  of  the  United  States'  Engineers.  The  arch  is  of  200  feet  span, 
and  eonsista  of  two  parallel  cast  iron  pipes  of  4  feet  diameter. 
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consists  of  oaken  staves  about  3  inches  thick,  packed  in  a  cylindiicsl 
form  round  the  interior  of  each  pipe.  It  is  likely  to  prove  more 
lasting  than  an  outside  casing,  because  it  is  oonstantlj  wet^  instead 
of  being  alternately  wet  and  dry. 


Section  V. — Of  Systems  of  Drainage, 

470.   Ocncral  Priucipica  aa  to  Land  Oralnosc — The  engineer  vbo 

examines  a  district  with  a  view  to  the  improvement  of  its  drainage 
requires  the  information  respecting  the  features^  extent,  and  levds 
of  the  district,  its  rain-fall,  and  the  course,  dimensions,  levek,  and 
discharge  of  its  streams,  which  have  already  been  specified  in 
Articles  456,  457,  and  458,  pp.  692  to  699,  and  in  Article  467,  p. 
707.  In  some  cases  it  is  necessary  to  attend  to  the  questi<», 
whether  the  water  to  be  canied  off  by  the  system  of  drainage  coin« 
merely  from  the  apparent  gathering-ground  bounded  by  the  ridges 
that  suri'ound  the  district,  or  whether  some  of  it  is  brought  to  tJie 
district  through  porous  strata,  which  have  their  gathering-gwwnd 
wholly  or  ^mi-tly  beyond  such  ridges. 

In  order  that  a  district  may  be  in  a  perfect  state  as  to  draiiuge, 
the  water-level  in  the  branch  di-ains,  which  directly  receive  the 
discharge  of  the  field  drains,  should  be  at  least  about  3  feet  below 
the  level  of  the  ground  at  all  times.  When  it  rises  above  that 
level  the  ground  becomes  axodsh  ovjloodedy  according  as  the  water 
level  Ls  bolow  or  above  its  surface. 

Each  water-channel  must  have  sufficient  area  and  declivitv,  vhen 
at  its  fullest  flow,  to  dischai-ge  all  the  water  that  it  receives  as  iaX 
as  such  water  flows  in,  without  its  water-level  rising  so  high  as  to 
obstruct  the  flow  of  the  branches  it  receives,  or  to  lay  land  awivsL 

Should  it  be  impossible  absolutely  to  fulfil  these  condiii«»ii>^ 
means  are  to  be  taken  to  make  the  deviation  from  them  as  small  ii^ 
extent  and  as  shoi-t  in  duration  as  possible. 

480.  ({uoaCiouM  n«  to  Improvcnicnt  of  Dmiunyc. — Should  the  drUD- 

age  of  a  district  be  found  defective,  the  engineer  will  in  general 
have  to  consider  questions  of  the  following  kind,  as  to  the  causes  a: 
such  defective  condition,  and  the  means  of  improving  it : — 

I.  Wliether,  and  to  what  extent,  it  is  practicable  to  dimiDisli 
or  prevent  floods  by  the  construction  of  store  resei-voira. 

II.  Whether  the  channels  of  the  streams  contain  rematd4t 
obstntctimis  such  as  shelves  of  rock  or  other  shallows,  narrow  plaa^ 
islands,  ill-designed  weira  and  bridges,  &c.,  and  how  such  obstnw- 
tious  are  to  be  removed.  This  may  involve  questions  as  to  rebuild- 
ing weirs  and  bridges  according  to  improved  designs. 

III.  Whether   the  channels  are   defective    and  liable   to  be 
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I  throagh  the  instability  of  their  beds,  and 
instability  ia  to  be  prevented. 

IV.  In  the  case  of  a,  smaller  stream  having  too  little 
which  falb  into  a  lai^r  stream,  whether  that  decliv 
iDcreased  by  diverting  the  coui-se  of  the  smaller  strean 
remove  ita  outfall  to  a  lower  part  of  the  larger  stream. 

V.  Whether  the  course  of  a  stream,  being  too  circuito 
improved  by  a  diversion;  and  whether,  in  the  event  oi 
menta  being  required  in  the  channel  of  a  stream,  it 
execute  them  in  the  existing  channel,  or  to  make  a  nev 
independently  of  the  question  of  circuitoiisnesa. 

All  the  preceding  questions  relate  to  matters  'n-hich  ha 
been  treated  of  in  Sections  III.  and  lY.  of  this  cha]>t( 
following  involve  subjects  which  will  be  treated  of  in  th 
citicles : — 

YI.  Whether  the  branch  drains  are  of  sufficient  d 
capacity. 

VII.  To  what  extent  the  water-channels  are  capable 
as  temporaiy  reaei-voira  for  moderating  the  rapidity  wi 
floo<l-waters  descend  from  them  into  lower  and  larger  cht 

VIII.  To  what  extent  the  land.s  adjoining  a  river  " 
liable  to  inundation  act  in  the  capacity  of  a  reservoir, 
will  be  the  effect  upon  the  part  of  the  river  below  them  o 
ing  or  diminishing  such  action, 

IX.  Whether  the  drainage  can  be  sufficiently  impro'i 
provementa  on  the  water-ciiannela  alone,  or  whether,  on 
hand,  it  is  advisable  to  use  embankments  for  the  confi 
floods  within  certain  limits. 

481.     DiKhnrslBK  Oapacllr  or  Bnach  Dniu. — If    the 

found  ita  way  at  once  from  the  surface  of  the  ground  to  i 
encb  of  these  would  require  to  have  dimensions  and  decL 
cient  to  discharge  the  most  rapid  fiill  of  rain  known  to 
for  any  time  how  short  soever.  The  following  data  as  t( 
rapid  rain-fall  in  Britain  are  given  on  the  authority  of  Ml 
they  illustrate  how  the  greatest  raie  of  rain-faH  diminish 
iug  as  the  period  for  which  it  is  reckoned  is  increased : — 

Total  depth  oF  lUtt 

Period.  Rain-bll.  Rain 

Incboi.  Incbcs  |k 

One  hour,   1        l"c 

Four  hours,  2       o-j 

Twenty-four  hours, 5       O'a 

The  soil,  however,  acta  as  a  sort  of  reservoir  to  an  extci 
ing  on  its  texture;  it  keeps  &om  the  drains  altogether  a 
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the  rain-fiEJl,  -vrhich  passes  off  by  eva|)oration,  or  is  absorbed  bj 
plants,  as  stated  in  Article  ^56,  p.  692;  and  it  discharges  Um 
remainder  into  the  drains  more  or  less  gradually.  The  bi&nch 
drains  in  country  drainage  should  be  made  capable  of  discharging 
at  an  uniform  rate  the  greatest  avatUtble  rain-fall  known  to  uko 
place  in  a  period  whose  length  is  greater  according  as  the  soil  is 
more  retentiva  It  is  probable  that  in  most  cases  of  cultivated  land 
twenty^our  hofwrs  will  be  found  a  sufficiently  short  period:  that  ii, 
each  drain  which  directly  receives  water  from  tke  fields  should  be 
capable  of  discharging,  in  twenty-four  hours,  the  greatest  avaikUe 
rain-fall  of  twenty-four  hours;  for  steep  and  rocky  gromid  the 
period  must  be  shortened,  in  some  cases,  it  is  probable,  to  four 
hours;  but  the  best  method  in  each  case  is  to  ascertain  the  period  by 
an  experimental  comparison  of  the  rain-fall  with  the  discharge  of 
drains. 

482.  Acclom  of  Channels  and  Flooded  I«ands  as  IResorrrtw.— The 

volume  of  the  space  contained  between  the  ordinary  water  sarfitfe 
of  a  given  portion  of  a  stream  and  the  flood- water  surface,  whether 
such  space  be  wholly  contained  between  the  banks  of  that  porlkoi 
of  the  stream,  or  partly  between  such  banks  and  partly  oTcr 
adjoining  lands  liable  to  inundation,  constitutes  a  reservoir  for 
retaining  the  excess  of  the  toted  supply  of  wtUer  during  a  period  oj 
flood  rain-faU  from  the  district  drained  by  that  portion  of  fhe 
stream,  above  the  greatest  quantity  that  the  stream  is  capable  o/£^ 
^largiTig  in  the  sa/me  period,  until  the  flood  rain-fall  is  over,  when 
that  excess  flows  away  by  degrees.  The  existence  of  that  reservoir- 
room  thus  renders  sufficient  a  water^channel  of  less  dischai;^ 
capacity  than  would  otherwise  be  necessary;  and  if  such  re8erv<ffl> 
room  is  diminished,  either  by  improving  the  channel  so  as  to  lover 
the  flood-water  surface,  or  by  contracting  the  space  by  means  of 
embankments,  care  should  be  taken  that  the  discharging  capacity 
of  the  chaimel  bdow  the  district  in  question  is  increased  to  a  co^ 
responding  extent,  otherwise  the  effect  of  diminishing  the  extent  d 
floods  in  that  district  may  be  to  increase  it  in  some  district  fiirtiier 
down  the  river.  This  is  one  of  the  reasons  for  the  rule  alreadt 
stated  in  Article  470,  p.  712,  that  works  of  river  improvement 
should  proceed  from  below  upwards. 

483.  RiTer  Embankments. — ^When  the  land  adjoining  a  streis 
cannot  be  sufficiently  guarded  from  inundation  by  improvements  ia 
the  channel,  embankments  may  be  erected.  In  determining  thf 
course  and  site  of  such  embankments  regard  must  be  had  to  tk 
principle  stated  in  the  last  article — of  leaving  sufficient  re8ervt)a^ 
room  between  them  for  flood- water.  In  some  cases  there  may  bf 
sufficient  room  even  when  the  embankments  are  erected  dose  ^ 
the  natural  banks  of  the  channel;  but  in  general  it  is  adviaaUet* 


SIVER  EUBANEUENTS — TIDAL  DBADtAOK.  727 

leave  « irider  space ;  and  when  the  river  follows  a  serpentine  course 
euffident  reservoir-room  may  in  many  cases  be  provided  by  carrying 
the  embankments  along  the  general  course  of  the  valley,  ao  as  to 
endoee  the  windings  of  the  stream  without  following  them,  and 
thus  to  form  not  only  a  reservoir,  but  a  wide  and  direct  channel  for 
the  dischai^  of  floods. 

The  tributary  streams  which  flow  into  the  main  stre  '  ~  '"  * ' 
general  require  branch  embankments.  Where  a  mai 
ment  extends  for  a  long  distance  ucintemipted  by  ; 
stream,  the  land  protected  by  it  is  often  divided  into 
mesna  of  branch  embankments,  called  "land  arms,"  divi 
the  nuun  embankment,  the  object  of  which  is,  that,  ii 
of  a  breach  being  made  in  the  main  embankment,  the 
may  be  confined  to  a  limited  extent  of  ground.  These  " 
g^ierallj  run  along  the  boundaries  of  separate  holdings 

Behind  and  parallel  to  each  maiu  embankment  there  r 
drain"  the  material  dug  from  which,  if  suitable,  may 
making  the  embankment  The  use  of  this  back  drain  i 
only  as  a  channel  for  the  drainage  of  the  land  prote 
embankment,  but  as  a  reservoir  to  collect  that  draina^ 
river  is  in  a  state  of  flood,  and  its  dimensions  are  to  1 
accordingly.  The  waters  of  the  back  drain  are  discharj 
nver  (when  its  surface  is  low  enough)  through  a  series  ( 
versing  the  embankment,  and  having  flap- valves  opening 
prevent  the  return  of  water  from  the  river.  These  valv 
sometimes  of  iron,  sometimes  of  wood;  one  of  the  mi 
conriste  of  an  iron  grating  or  perforated  plate,  covered 
of  vulcanized  indian-rubber.  As  to  the  computation  < 
required  to  discharge  a  given  accumulation  of  water  fi-o 
drain  throngha  given  outlet,  see  Article  i55,  p.  691. 

The  embankments  are  to  be  made  of  clay  rammed  in 
foot  deep,  or  thereabouts.  When  of  moderate  heigh 
exposed  to  great  pressnre,  they  may  have  slopes  of  li^ 
1.  When  uiey  are  liable  to  be  acted  upon  by  a  strong  c 
should  be  pitched  with  stone,  or  otherwise  defended 
banks  (Article  469,  p.  710) :  elsewhere  they  should  be  c 
sods,  and  no  trees,  shrubs,  or  hedges  should  be  sufiei 
ttpon  them. 

484.  tmmI  mill— f«  is  the  drainage  of  lands  which  ai 
low-water-mark  of  ordinary  tides,  and  either  below 
mark,  or  so  near  that  level  that  their  drainage  waters  i 
discharged  in  certain  states  of  the  tide.  Such  lands  ai 
against  inundation  by  the  sea  by  means  of  embankments 
be  treated  of  further  on. 

The  best  mode  of  draining  a  district  of  this  sort  b  bj 
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canal  extending  completely  through  it,  which  act«  alternately  as  a 
reservoir  and  as  a  channel     The  top-uxUer-levd  of  the  canal  is  to  be 
fixed  so  as  to  give  sufficient  declivity  to  the  branch  drainsL    ItB^w:* 
vxUer-levd  will  be  above  that  of  low-water  of  neap  tides  to  tke 
extent  of  1-1 5th  part  of  the  rise  of  such  tides.     The  space  ooe- 
tained  in  the  canal  between  those  levels  is  the  reservotr-room;  a&d 
inasmuch  as  the  length  and  depth  of  that  space  are  fixed,  the  breadtk 
midway  between  those  levels  is  to  be  made  sufficient  to  give  reser- 
voir-room for  the  greatest  quantity  of  drainage  water  that  enr 
collects  during  one  tide.     The  depth  of  the  canal  must  be  made  at 
least  sufficient  to  enable  the  whole  of  that  quantity  of  water  to  be 
discharged  in  the  interval  between  1  hour  before  and  1  hour  afWr 
low- water,  the  mean  vdociiy  of  outflow  being  assumed  to  be  about 
equal  to  that  due  to  a  declivity  of  the  height  between  high  and 
low- water-levels  in   the  whole  length   of  the  canal,  and  to  its 
hydraulic  mean  depth  when  full  up  to  its  middle  water-level    The 
outer  end  of  the  canal  is   to  have   laige  floodgates  capable  of 
throwing  its  whole  width  and  depth  open  at  once;  or  a  row  of  laige 
siphon-pipes,  passing  over  the  tidal  embankment,  and  having  suitable 
apparatus  for  exhausting  the  air  fi'om  their  summits.     (See  p.  Til) 

485.  Droinace  by  Pautpinn  is  extensively  employed  in  lands 
below  high-water-mai'k,  especially  in  Holland.  In  former  times 
windmills  were  chiefly  used  for  this  purpose,  but  now  they  are  to  a 
great  extent  replaced  by  steam  enginea  The  most  economical 
mode  of  conducting  drainage  in  this  manner  is  to  provide  resexvcur- 
room  for  the  greatest  floods,  and  pump  constantly  at  an  unifona 
rate.  To  provide  for  the  repair  of  engines,  and  for  accidental 
stoppages,  engines  are  to  be  kept  in  reserve,  of  power  equal  to 
from  one-half  to  the  whole  of  the  power  of  those  tiiat  are  kept  at 
work. 

486.  T«wa  Dratoase. — Plans  for  systems  of  town  drainage 
require  to  be  on  a  larger  scale,  and  to  have  closer  contour-lines, 
til  an  those  of  any  other  description  of  work.  (See  Article  59,  p 
96.)  The  discharge  to  be  provided  for  is  the  natural  drainage  of 
the  basin  which  the  town  occupies,  added  to  the  water  Bupplj 
artificially  brought  into  the  town. 

Inasmuch  as  the  rain-fall  in  towns  finds  its  way  into  the  seweis 
almost  instantly,  their  dimensions  and  declivity  must  be  suited  to 
the  heaviest  rain-fall  in  a  short  period.  Authorities  differ  whether 
that  rain-fall  is  to  be  estimated  at  ona  inch  or  at  half-an-intk  in 
depth  per  hour. 

The  treatment  and  disposal  of  the  drainage  of  towns,  after  it  has 
been  collected  by  means  of  a  system  of  sewers,  involves  cfaemioil 
and  physiological  questions  into  which  it  is  impossible  to  eater  ift 
this  treatiae. 
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487.  8cwer%  or  main  drains  of  towns,  are  underground  aiched 
brick  conduits/ designed,  laid  out,  and  constructed  accoi*diDgto  the 
principles  already  explained  or  referred  to  in  Articles  474,  475, 
pp.  718  to  720.  As  to  their  streugth,  see  Article  297  A,  p.  433. 
TTie  cross-section  preferred  for  them  in  Britain  is  an  oval,  with  the 
small  end  downwards.  In  order  that  men  may  be  able  to  enter 
them  for  purposes  of  cleansing  and  repair,  no  sewer  should  have  a 
less  breadth  than  2  feet. 

The  velocity  of  the  current  should  be  not  less  than  1  foot  per 
second,  or  more  than  about  4^  feet  per  second. 

As  to  the  drainage  of  streets  into  the  sewers,  see  Article  417,  p. 
C26.  Owing  to  the  quantity  of  mud  that  is  swept  into  sewei-s, 
they  are  peculiarly  liable  to  be  obstructed  by  collections  of  sedi- 
ment :  these  are  swept  away  by  an  operation  called  flushing  or 
fla^dng,  which  consists  in  placing  a  temporary  dam  of  timber 
above  the  spot  where  the  deposit  is,  so  as  to  collect  a  quantity  of 
water,  which  is  allowed  suddenly  to  escape  with  great  speed  in 
order  to  scour  away  the  deposit. 

As  the  pipes  leading  into  the  sewers  from  the  channels  of  tho 
streets,  and  also  those  from  the  houses,  either  are  or  ought  to  be 
**  trapped"  by  means  of  valves  or  inverted  siphons,  so  as  to  prevent 
the  escape  of  foul  gas  from  the  sewers,  such  gas  must  have  openings 
provided  for  its  escape,  either  by  building  chimneys  for  the  purpose, 
or  by  connecting  the  sewer  with  existing  chimneya  Passages  for 
the  admission  of  fresh  air  to  the  sewers  are  also  required,  and  sub- 
terranean entrances  with  trap-dooi-s  to  give  men  access  to  them. 
As  to  the  use  of  "  side-trenches"  and  "subways,"  see  Article  421, 
pp.  629,  630. 

488.  Pipe-]>i!aiBs. — The  earthenware  pipes  used  for  drainage  have 
already  been  described  in  Article  477,  p. 720.  In  town  drainage 
they  are  chiefly  used  for  the  branch  drains  leading  from  houses 
and  from  the  adjoining  ground  into  the  main  sewers;  and  they 
nsually  i-ange  from  4  inches  to  18  inches  in  diameter,  according  to 
the  quantity  which  they  are  to  discharge.  It  is  not  advisable  in 
any  case  to  use  drain-pipes  of  less  than  4  inches  in  diameter.  They 
should  all  be  laid,  as  far  as  ])ossible,  at  such  declivities  as  to  insure 
a  velocity  of  flow  of  4^  feet  per  second,  in  order  that  the  formation 
of  deposit  may  be  impossible;  and  when  their  proper  levels  and 
declivities  have  been  determined  by  calculation,  great  care  should 
be  bestowed  on  seeing  that  they  are  accurately  laid  at  those  levels 
and  declivities :  the  smaller  the  diameter  of  the  pipe,  the  worse  is 
the  efiect  of  any  inaccuracy  in  this  respect.  Obstnictions  are 
most  likely  to  occur  at  the  junctions.  The  importance  of  making 
these  either  curved  or  acute-angled  has  already  been  mentioned; 
but  even  at  curved  or  acute-angled  junctions  deposits  may  some* 
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times  take  place,  and  a  good  safegoard  against  this,  when  tiie 
levels  are  such  as  to  render  it  practicable,  is  to  make  tlie  jundioa 
in  a  vertical  or  transversely  inclined,  instead  of  a  nearly  homo&ial 
plane. 

The  inverted  siphon  air-trap,  for  preventing  the  entrance  of  fool 
gas  from  a  sewer  into  a  bnilding  through  a  drain-pipe,  is  an 
(T-shaped  tube,  in  the  lower  part  of  the  bend  of  which  irata 
lodges,  so  as  to  prevent  the  passage  of  gas.  To  insure  the  effieienc^T 
of  this  trap,  it  is  essential  that  the  sewer  should  have  chimneys  for 
the  escape  of  gas ;  otherwise  the  pressure  may  become  suffideat  to 
enable  the  gas  to  force  its  way  past  the  water  in  the  tube. 


SEdioir  YL — O/Systerm  of  Water  Supply. 

489.  iRigBUMi. — ^It  appears  that  the  supply  of  water  required 
for  the  irrigation  of  a  district  ranges  from  '013  to  *008  ofacoiie 
foot  of  water  per  second  for  each  acre,  irrigated  j  and  this  is  tb 
demand  to  be  provided  for  by  reservoirs,  or  by  the  use  of  wein  to 
divert  water  from  rivers.  (Article  460,  p.  699;  Article  473^ 
p.  713.)  The  channels  by  which  the  water  is  distributed  are  to 
be  carried  at  the  highest  levels  compatible  with  the  mixumTiB 
velocity  of  1  foot  per  second,  in  order  that  as  great  an  area  of  bod 
as  possible  may  be  commanded  by  them.  Their  dimeusioDS  and 
declivity  are  to  be  determined  by  the  principles  of  Article  451, 
p.  686,  and  they  are  to  be  constructed  according  to  the  principles 
of  Section  IV.  of  this  chapter,  especially  Article  474,  p  718. 
When  they  run  between  earthen  embankments,  as  is  ofUn  the 
case,  each  embankment  should  have  a  vertical  puddle  waU  in  its 
centre,  from  2  to  3  feet  thick,  and  the  tops  of  the  embankments 
should  not  be  less  than  4  feet  wide. 

The  method  of  delivering  specified  supplies  <^  water  from  sn 
irrigation  canal  to  holders  of  land  is  the  following : — ^A  small  tank 
at  one  side  of  the  canal  is  supplied  through  a  sluice,  and  the  watff 
in  it  is  kept  at  a  constant  leveL  by  r^ilating  the  opening  of  that 
sluice.  The  water  is  delivered  out  of  the  tank  through  a  square  er 
round  orifice  of  constant  size  under  a  constant  head.  DifecBt 
quantities  of  water  are  delivered  by  varying  the  nunAer  of  tlit 
orifices,  and  not  their  dimensions  nor  the  h^kd  which  causes  their 
discharge. 

490.  ITater    9mnpif    wf  T# w—  —  g«st— li—   «r  ^  --     ■    m  » 

^■aaiiiT. — ^The  supply  of  water  to  towns  ranges  in  extreme  etf> 
from  about  2  gallons  to  600  gallons  p»  inhabitant  per  day.  (Gor 
don  On  Civil  £ngineering,)  In  town  water-works  executed  vith  a 
"^ue  regard  to  sufiicieni^  of  supply  on  the  one  hand  and  eoonoiiiy  ^ 
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coat  on  the  other,  and  with  a  moderate  amount  of  waste,  the 
following  msLj  be  regarded  as  fair  estimates  of  the  real  daily 
demand  for  water  per  inhabitant  amongst  inhabitants  of  different 
habits  as  to  the  quantity  of  water  they  consume,  (haying  been 
Terified  by  the  experiments  of  Mi-.  J.  M.  Qale,  C.E.) 

Gallons  per  Day.         , 
Least  Average.  Great 

Used  for  domestic  puiposes, 7  10  15 

Washing  streets,  extinguishing  fires,  sup- ) 

plying  fountains,  ^, j  3  3  3 

Tiade  and  manufactures^ 7  7  7 

Total  usefully  consumed, 17         20         25 

Waste^  under  careful  regulation,  say 2  2  2^ 

Total  demand^ 19         22         27^ 

A  liberal  supply  of  water  has  a  tendency  to  increase  its  use,  and 
at  the  same  time  to  bring  the  daily  consumption  per  head  amongst 
different  classes  of  persons  more  nearly  to  an  equality;  so  that^ 
with  a  view  to  such  improvement  in  the  habits  of  the  population, 
it  is  advisable  in  projecting  new  water-works  to  take  somewhat 
more  than  the  highest  of  the  preceding  estimates  of  the  demand; 
that  is  to  say,  about  30  gallons  per  head  per  day,  supposing  waste 
of  water  to  be  as  far  as  possible  prevented. 

The  quantity  of  water  run  to  waste,  however,  frequently 
exceeds  enormously  that  allowed  for  in  the  preceding  estimate, 
through  ill-constructed  fittings  and  carelessness.  A  quantity  equal 
to  that  used  is  not  uncommon,  and  in  one  case,  where  7  gallons 
ater  per  head  per  day  were  actuaUy  used,  18  gallons  ran 
to  waste.  The  most  effectual  means  of  preventing  such  waste  are, 
the  establishment  of  a  regulation  or  enactment,  that  domestic 
water-fittings  shall  be  executed  to  the  satisfaction  of  the  engineer 
or  manager  of  the  water-works;  the  canying  out,  as  &r  as  pmcti- 
cable,  of  the  system  of  selling  water  by  measure  to  those  who  require 
it  for  other  than  ordinary  domestic  purposes  (as  to  water  meters, 
see  Article  459,  p.  699);  and  the  prevention  of  excessive  pressure 
in  the  service-pipes  from  which  houses  are  directly  supplied. 

The  preceding  statements  have  reference  to  the  daily  demand. 
Begard  must  also  be  had  to  the  hourly  demand,  which  fluctuates 
veiy  much  at  different  times  of  the  day,  chiefly  because  the  in- 
habitants draw  nearly  the  whole  of  their  supply  for  domestic 
purposes  during  a  limited  number  of  hours.  It  is  estimated  that 
the  most  rapid  draught  for  domestic  purposes  is  at  such  a  rate  that, 
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if  kept  up  continuously,  it  would  exhaust  the  whole  dailj  supply  for 
these  purposes  in  8  hours;  that  is  to  say,  the  maximum  hoorly 
demand  for  domestic  putposes  is  three  times  the  average  hourly 
demand. 

The  effect  of  this  on  the  greatest  hourly  demand  for  aUpurpota 
is  to  make  it  in  different  cases  range  from  twice  to  2^  times  the 
average  hourly  demand. 

491.  EMiniaUoa  of  DemaBd  a*  f  Head. — It  is  COnddered  tluit 

the  head  of  pressure  in  each  of  the  street  mains  ought,  when  the 
flow  is  most  rapid,  to  be  equivalent  to  an  elevation  of  about  20  feet 
above  the  tops  of  the  adjoining  houses,  in  order  that  their  upper- 
most stories  may  be  directly  supplied,  and  that  it  may  be  possible 
to  throw  a  jet  to  the  top  of  the  highest  building  without  the  aid  of 
a  fire-engine. 

The  required  virtual  head  in  various  districts  of  the  town  being 
fixed,  the  virt\ial  declivity  from  the  source  to  each  of  those  districts  is 
to  be  made  as  nearly  uniform  as  circumstances  will  permit,  if  pipes 
are  used  throughout.  Should  a  conduit  be  used  for  part  of  the 
distance,  and  pipes  for  the  remainder,  the  pipes  should  have  the 
steeper  virtual  declivity,  and  consequently  the  greater  share  of  the 
total  virtual  fall  in  proportion  to  their  length,  in  order  that  they 
may  be  smaller  than  the  conduit;  because  their  cost  is  greater  in 
proportion  to  their  size  than  that  of  the  conduit  No  precise  nilft 
can  be  laid  down  for  this  distribution  of  fall  between  pipes  and 
conduit ;  but  in  some  good  examples  the  virtual  declivity  of  tbc 
pipes  has  been  made  eight  times  as  steep  as  the  actual  declivity  c>f 
the  conduit.  As  to  the  discharging  capacity  and  construction  of 
conduits  and  pipes,  see  Articles  450,  451,  pp.  684  to  OSS,  and 
Articles  474  to  478,  pp.  718  to  724. 

In  a  town  of  irregular  levels,  or  of  great  extent,  the  same  virtual 
declivity  which  is  required  in  order  to  give  sufficient  head  of 
pressure  in  the  higher  parts  of  the  town,  or  in  those  more  distant 
from  the  source,  may  give  excessive  pressure  in  the  lower  or  nearer 
parts.  In  such  cases  the  excessive  pressure  in  the  branch  mains 
and  distributing  pipes  of  the  latter  districts  may  be  moderated  by 
any  convenient  means  of  causing  loss  of  head  at  their  inlets,  lacb 
as  passing  the  water  through  small  orifices,  or  loaded  valves;  the 
latter  being  the  more  accurate  method  in  its  working. 

492.  Compenmiion  Water  is  the  Supply  of  Water  which  is  secmtd 
to  the  owners  and  occupiers  of  land  and  mills,  and  other  )«rtiei 
interested  in  the  sources  from  which  water  is  diverted  to  supply  a 
town,  in  order  that  they  may  not  suffer  damage  by  such  diversioa 
It  must  be  at  least  equal  to  the  supply  which  was  beneficiifif 
available  for  their  use  before  the  execution  of  the  water>worka»  <* 

elfie  they  must  receive  compensation  in  money  for  the  deficteoc^ 
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* 

The  only  means  of  enabling  a  source  of  "water  to  supply  a  town, 
besides  providing  the  landholders  with  compensation  water,  accord- 
ing to  the  preceding  principle,  is  to  store  in  reservoirs  and  discharge 
hy  degrees  the  flood-waters  which  previously  ran  to  waste.  (See 
Section  III.  of  this  chapter,  p.  699.) 

In  providing  the  daily  supply  of  compensation  water  to  which 
the  landholders  on  the  course  of  a  stream  are  entitled,  different  prin- 
ciples have  been  followed  in  different  cases.  The  following  are 
three  of  them : — 

I.  To  secure  them  the  average  summer  discliarge,  excliLsive  of 
floods,  as  ascertained  by  gauging.     (As  to  the  distinction  between 
flood  discharges  and  ordinary  discharges,  see  Article  4^5^,  p.  698). 

IL  To  give  them  a  proportion  fixed  by  agreement  (usually  one- 
tJiirdy  or  thereabouts)  of  the  whole  water  impounded. 

In  some  cases  a  special  arrangement  has  been  come  to,  by  which 
the  landholders,  on  condition  of  a  certain  supply  being  delivered 
down  the  stream  during  the  day,  have  agreed  to  a  less  supply 
being  delivered  during  the  night 

III.  To  make  a  special  compensation  reservoir,  receiving  the 
discbarge  from  a  certain  proportion  of  the  gathering-ground,  and 
to  liand  it  over  to  the  landholders,  to  bo  managed  under  their  own 
control. 

The  usual  method  adopted  in  delivering  a  fixed  daily  quantity 
of  'water  into  the  natural  channel  of  a  stream  is  to  construct  a 
tank  in  which  the  water  is  kept  at  a  fixed  level  by  means  of  the 
sluice  or  sluices  through  which  it  is  supplied,  and  let  the  water 
flow  out  of  that  tank  through  an  outlet  or  outlets  of  a  fixed  area 
and  figure,  under  a  fixed  head. 

403.  Storage* Works  consist  of  resen'oirs  with  their  appurtenances, 
as"  described  in  Section  III.  of  this  chapter.  In  estimating  tlie 
extent  of  gathering-ground  and  capacity  of  the  reservoirs  required, 
regard  must  be  had  to  the  demand  of  water  for  compensation 
(Ai-ticle  492),  as  well  as  for  the  supply  of  the  town. 

In  most  cases  in  which  a  town  is  supplied  from  works  of  this 
class,  the  best  economy  consists  in  choosing  the  sites  of  the  store 
reservoirs,  and  designing  the  conduits  and  principal  main  pipes,  so 
as  to  supply  every  part  of  the  town  by  means  of  the  gravitation  of 
the  water  alone.  But  exceptional  cases  sometimes  occur,  in  which 
a  great  saving  may  be  effected  in  capital  outlay,  and  especially  in 
the  cost  of  conduits  and  pipes,  by  incurring  a  comparatively  .small 
additional  annual  expenditure  in  order  to  supply  some  limited  dis- 
trict that  is  highly  elevated  above  the  rest  of  the  town  by  means  of 
a  pumping  steam  engine,  instead  of  giving  the  conduits  and  prin- 
cipal main  pipes  the  dimensions  required  in  order  to  supply  that 
limited  district  by  gravitation. 
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494.  Springs  in  many  cases  are  so  Tariable  in  their  disdiaige 
that  thej  can  only  be  cla;raed  amongst  the  sources  whose  ▼aten 
require  to  be  stored  in  a  reservoir.     But  occasionally  spriags  are 
met  with  which  are  the  outlets  of  extensive  porous  strata,  fonniog 
underground  natural  reservoirs  that  maintain  a  nearly  uniform  dbr 
charge  independently  of  ai-tificial  storage.   (See  Article  456,  p.  696t) 
When  the  waters  of  such  springs  are  diverted  from  the  streams  into 
which  they  naturally  flow  in  order  to  supply  a  town,  the  ordinazy 
summer  flow  of  those  streams  must  be  maintained  at  its  origiiial 
volume  by  the  aid  of  the  flood- waters  of  a  gathering-ground,  stored 
in  a  reservoir. 

495.  RiTcr»^Rr«rks — Pamping. — A  lai^e  liver  may  be  used  for  the 
supply  of  a  town,  independently  of  storage- works,  provided  the 
volume  of  water  brought  down  by  it  is  at  all  times  so  great,  that 
the  temporary  abstraction  of  a  volume  sufficient  to  supply  the 
town  will  cause  no  injury  to  its  navigation,  or  the  interests  of  the 
inhabitants  of  its  banks. 

The  works  requii-ed  in  order  to  supply  a  town  from  such  a  river 
usually  comprise  a  tvei/r,  for  maintaining  part  of  the  river  at  a 
nearly  constant  level  (Article  472,  p.  713);  two  or  more  sMnt^ 
ponds,  into  which  the  water  is  conducted,  or  if  necessary,  pumped, 
or  otherwise  raised  by  machinery;  Altering  apparatus;  and  asof- 
ficicnt  establishment  of  pumping  engines. 

It  would  be  foreign  to  the  plan  of  the  present  work  to  enter  into 
details  as  to  the  construction  and  working  of  pumping  steam 
engines.  The  following  principles,  however,  must  be  stated  as 
specially  applicable  to  their  use  for  the  supply  of  a  town. 

I.  The  effective  potoer  required  to  be  in  opei^ation  may  he  com- 
puted in  foot-pounds  per  Iwur,  by  multiplying  the  weighi  of  water 
to  be  delivered  per  hour  by  the  total  head  at  the  engines  in  feet; 
such  head  being  measured  from  the  level  of  the  water  in  the  tuik 
whence  the  engines  draw  it,  to  the  virtual  elevation  required  in 
order  to  give  sufficient  head  in  the  town  and  sufficient  virtual 
declivity  in  the  principal  main  pipes.  To  find  the  ^etdvoe  hono- 
power,  divide  the  effective  power  in  foot-pounds  per  hour  Ijj 
1,980,000.  The  indicated  horse-power  is  about  once  and  a-^piOhet 
the  effective  horse-power. 

II.  Reserve  power  should  be  provided  to  an  amount  equal  to  it 
least  one-half  of  the  working  power;  for  example,  of  three  engino 
of  equal  power,  two  are  to  be  kept  at  work  and  the  third  ia 
reserve. 

III.  Air-vessels  and  stand-pipes  are  contrivances  to  prevent  the 
shocks  to  which  the  pipes  would  be  exposed  by  the  intermitiot 
action  of  the  pumps,  and  to  maintain  an  unifonn  head  of 
and  velocity  of  flow  in  the  pipes. 


AIB-TKSSELB — ffTAMD-PIPES. 


An  lur-Tessel  is  an  air-tight  receiver,  nsnally  of  cast  iroi 
tlifl  figure  of  a  cylinder  standing  vertically,  with  a  hemi 
top  and  bottom.  At  its  lower  end  are  two  openings, 
throngh  which  water  enters  from  a  pump,  and  an.  out 
which  the  water  is  discbai^ed  along  a  pipe.  Its  upper 
CDDtaios  compressed  air,  which  tends  continoallj  to  din 
qaantity,  partly  by  leakage  and  partly  by  absorption  in  tl 
»  that  a  itmall  supply  of  air  should  be  forced  in  from 
time  by  suitable  apparatus.  The  effect  of  the  aii--i 
moderatiug  fluctuations  of  pressure  is  oxpresaed  by  the  f 
proportion : — 

mean  volume  uf  air  in  the  vessel  :  volume  of  the  pump 

:  :  mean  head  of  pressure  :  greatest  fluctuation  of  ■ 
of  pressure. 

In  some  good  practical  examples,  the  capacity  of  the  air' 
■boutjl/}^  tanet  that  of  the  pump. 

A  single  ttand-pipe  is  a  vertical  cast  iron  pipe,  lising 
higher  than  the  elevation  due  to  the  head  of  pressure,  and 
the  top  It  has  at  its  base  an  inlet  through  which  it 
water  from  the  pumps,  and  an  outlet  or  outlets  through 
discharges  water  into  the  horizontal  supply-pipes.  Its  i 
area  varies  from  once  to  twice  that  of  its  outlets,  or  thei 
It  equalizes  the  pressure  and  flow  even  more  effectually 
air-vessel,  for  the  rapid  entrance  of  the  quantity  of  wate 
one  stroke  of  a  pump  producew  but  a  alight  elevation  of  thi 
of  the  wat«r  in  the  stand-pipe  as  compared  with  its  total  t 

A  double  sUmd-pipe  has  two  branches,  in  one  of  which  tl 
■scends  from  the  pump,  while  in  the  other  it  descends  to  th 
the  two  branches  unite  at  the  top  into  a  vertical  stem, ' 
open  above.  This  construction  effects  a  constant  renews 
water  in  the  stand-pipe. 

In  estimating  the  dimensions  and  speed  required  for  tl 
or  plunger  of  a  pump  that  is  to  deliver  a  given  volume  < 
in  a  riven  time,  it  is  usual  to  add  about  one^fth  to  that  vc 
tin  allowance  for  "  »lip;"  that  is,  water  which  runs  back 
the  pump-clacks  while  they  are  in  the  act  of  closing.  It 
however,  from  experiment,  that  in  the  beat  pumpe  the  el 
practically  appreciabla*    {See  p.  803.) 

*  Thg  coit  of  pniDpIng  Urga  qoantttln  of  water,  m  Mcot^ntd  &001  tl 
otlbaupcDditunof  Iba  former  QlugDW  W4C«r-Woriu  (itDce  npenedsd  b; 
EitriD«  Worka),  during  t,  long  Mrlai  of  jrure,  wu  at  tha  rate  of  aliiK 
V)(l,tmgaliMMniiHdtintJoot/l)r<ipm^t  that  !•  to  wy,  4,000,000  jM 
WitM  nori  At  a  sMMV. 
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496.  Wells  may  be  used  as  sources  for  a  supply  of  water,  yi^ten 
a  water-bearing  stratum  exists  iuto  which  th^  can  be  sunk.  The 
water  in  such  a  stratitm  has  always  either  an  actual  or  a  Tiitml 
declivity  towards  the  place  where,  by  the  outcrop  of  the  stratosiiit 
makes  its  escape  into  a  river,  or  into  the  sea.  Should  the  water- 
bearing stratum  have  its  gathering-ground  at  a  high  elevation,  and 
should  it  be  covered,  in  a  district  far  distant  from  its  final  outlet, 
by  an  impervious  stratum,  the  line  of  virtual  declivity  may  be 
above  the  surface  of  the  gi'ound  in  that  district;  so  that,  on  horing 
or  sinking  a  well  through  the  impervious  stratum,  the  water  vill 
spout  up  in  a  jet.  Such  wells  are  called  "  Artesian  "Wells."  In 
other  cases  the  line  of  virtual  or  actual  declivity  is  below  th« 
surface  of  the  ground,  and  the  water  must  be  nd^  by  pampiDg 
(as  to  which,  see  the  preceding  article). 

The  raising  of  a  lai^e  quantity  of  water  from  a  water-bearii§ 
stratum  has  always  the  effect  of  depressing  the  water-level  to  u 
extent  which  cannot  be  estimated  beforehand. 

The  quantity  of  water  which  a  water-bearing  sti*atum  is  capable 
of  yielding  may  be  estimated  in  the  manner  explained  in  Article 
45  G,  p.  696,  provided  the  position  and  extent  of  its  gathenDg- 
ground  can  be  ascertained;  but  that  can  seldom  be  done  witii 
precision. 

In  sinking  or  l)oring  for  well  water,  it  is  in  general  advisable  to 
prevent  the  surftice  water  from  mixing  with  that  of  the  welL 
This  is  done,  in  the  case  of  a  bore,  by  lining  it  with  iron  pipes,  awl 
in  the  case  of  a  shaft,  by  lining  it  with  brickwork  laid  in  cement 

As  to  boring  and  shaft-sinking,  see  Article  187,  p.  331,  and 
Article  391,  p.  589. 

497.  The  Parity  of  iTaier  is  a  subject  of  which  the  detailed  coo- 
sicleration  belongs  to  chemistry  and  physiology  rather  than  to 
engineering.  The  following  general  principles,  however,  may  I'e 
stated. 

For  purposes  of  cleansing,  cookery,  chemistry,  and  manufactures, 
the  \yest  water  is  that  which  approaches  neai-est  to  absolute  puritr. 
kiiicli  is  the  water  which  flows  from  mountain  districts,  whei^ 
granite,  gneiss,  and  slate  prevail  Such  water  usually  eontaiiis  a 
large  quantity  of  diffused  oxygen  and  carbonic  acid.  It  is  tLe 
most  wholesome  for  drinking,  and  the  most  agreeable  to  those 
whose  taste  does  not  prefer  a  certain  admixture  of  earthy  saltsL 

The  most  common  mineral  impurities  of  water  are  salts  of  lime 
and  iron,  which  injure  it  for  all  purposes  except  drinking.  Sah* 
of  lime,  es]iecially  the  bicarbonate,  are  the  principal  causes  of  tl» 
property  called  "hardness."  The  bicarbonate  of  lime  can  be 
removed  by  adding  to  the  water  as  much  lime-water  as  contains  a 
^fity  of  lime  equal  to  that  already  contained  in  the  bicarbonaiB 
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of  lime  present.  The  additional  lime  thus  added  combines  with  one^ 
half  of  the  carbonic  acid,  thus  becoming  chalk  itself,  and  reducing 
the  bicarbonate  to  chalk  also ;  and  the  chalk,  being  insoluble,  settles, 
and  leaves  the  water  softened.  This  is  Dr.  Clarke's  pi'ocess  of  soften- 
ing water.  The  degrees  of  hardness  of  a  specimen  of  water  means 
the  nimiber  of  gi-ains  of  chalk  which  the  lime  held  in  solution  in 
a  gallon  of  the  water  (or  70,000  grains)  is  capable  of  forming. 
Water  of  less  than  5  degrees  of  hai*dness  may  be  considered  as 
comparatively  soft;  that  of  12  or  13,  as  decidedly  hard. 

The  waters  collected  directly  from  gathering-grounds  are  usually 
the  softest,  those  of  rivei-s  harder,  those  of  springs  and  wells 
bai*dest  of  all. 

The  drainage  waters  of  cultivated  and  populous  districts,  and 
above  all,  those  of  towns  and  their  neighbourhood,  are  to  be 
avoided,  as  containing  organic  matter  in  the  act  of  decomposition, 
and  being  therefore  unwholesome,  and  sometimes  highly  dangerous. 

The  taste  and  smell  of  a  person  accustomed  to  dnnk  pure  water 
and  breathe  pure  air  may  in  general  be  relied  upon  for  the  detection 
of  the  presence  of  impurities  in  water,  though  not  of  their  nature 
or  amount;  but  in  persons  who  have  for  some  time  habitually 
drank  impure  water  and  breathed  a  foul  atmosphere  those  senses 
become  blunted. 

The  colouring  matter  of  peat  moss,  which  is  a  compound  of 
carbon  with  oxygen  and  hydrogen,  unfits  water  for  many  manu- 
facturing purposes.  It  does  not  render  it  unfit  for  drinking,  unless 
present  in  considerable  quantity,  when  it  produces  an  unpleasant 
fiatness  of  taste ;  but  whether  that  substance  is  unwholesome  or  not 
lias  not  been  ascertained.  Its  appearance  is  strongly  objected  to 
by  the  inhabitants  of  most  towns.  Long  exposure  to  light  and  air 
destix>ys  it,  probably  by  oxidating  its  carbon. 

The  long-continued  action  of  oxygen  decomposes  and  destroys 
organic  matter  in  water,  and  is  the  principal  means  of  purifying 
originally  impure  water.  In  store  reservoirs  the  presence  of  a 
moderate  quantity  of  living  plants  is  favourable  to  purity  of  the 
water,  provided  there  are  also  animals  enough  to  consume  them,  so 
that  they  may  not  die  and  decompose,  and  that  a  proper  balance  is 
kept  up  amongst  animals  of  dififerent  kinds.  The  destruction  of 
the  fish  in  a  reservoir  has  been  known  to  lead  to  an  excessive 
multiplication  of  the  small  crustaceous  animals  ui>on  which  the  fish 
bad  fed,  to  such  an  extent  that  the  water  acquired  a  nauseous 
favour  from  the  oil  which  those  minute  creatures  contained.  The 
only  remedy  was  to  re-stock  the  reservoir  with  fish.* 

*  This  caao  was  examined  into  and  reported  apoo,  and  the  remedy  diacorered,  by 
Pr.  H.  D.  Bogeia. 
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Shallow  reservoirs  are  unfavourable  to  purity^  because  the 
warmth  of  the  -water  produced  bj  the  sud*s  heat  enooorages  the 
growth  of  an  excessive  quantity  of  vegetation,  most  of  which  dies 
and  decomposes. 

On  the  subject  of  the  purity  of  water,  see  Dr.  R  Angos  Smith's 
*'  Report  on  the  Air  and  Water  of  Towns,"  in  the  E^porU  ofihA 
British  Association  for  1851. 

498.  SetUiiiK  aad  FiitnuioB. — A  store  reservoir  generally  answers 
the  purpose  of  a  settling-pond  also,  to  clear  the  water  of  earthy 
matter  held  in  suspension.  Water  pumped  &om  a  river  generally 
requires  to  rest  for  a  time  in  a  settling-pond. 

The  water  both  of  rivers  and  of  gathering-grounds  in  mwt 
cases  requires  to  be  filtered.  A  filter-bed  for  that  puipoee 
consists  of  a  tank  about  5  feet  deep,  having  a  paved  bottom,  covered 
with  open-jointed  tubular  drains  leading  into  a  central  cnlvert; 
the  drains  are  covered  with  a  layer  of  gravel  about  3  feet  deep,  and 
that  with  a  layer  of  sand  2  or  3  feet  deep.  The  water  is  delivered 
upon  the  upper  surface  of  the  sand  very  slowly  and  uniformly;  it 
gradually  descends,  and  is  collected  by  the  drains  into  the  centnl 
culvert  The  area  of  the  filter  should  be  such  that  the  water  to 
be  filtered  may  not  descend  vertically  with  more  than  a  certain 
speed;  for  the  whole  efficiency  of  the  filtering  process  depends  on 
its  slowness.  The  speed  of  vertical  descent  recommended  b^the 
best  authorities  is  six  incJies  an  Jiour;  in  some  cases  a  speed  as  h^ 
as  one/oot  an  lumr  has  been  used. 

There  should  be  a  sufficient  number  of  filter-beds  to  enable  eome 
to  be  cleansed  whilst  others  are  in  use.  The  cleansing  is  performed 
by  scraping  from  the  surface  of  the  sand  a  thin  layer,  in  which  all 
the  dirt  collects. 

It  appeal's  that  proper  filtration  not  merely  removes  mechanial 
impurities  from  the  water,  but  even  organic  impurities,  by  cansiqg 
their  oxidation.* 

499.  DIairibatlBg-Bnsiiis  or  Town  RcMnroin. — ^It  bas  been  ex- 
plained in  Article  490,  p.  730,  that  the  greatest  houriff  dammd 
for  water  is  about  double  of  the  average  hourly  demand;  froQ 
which  it  follows,  that  the  pipe  or  conduit  which  duredly  sup- 
plies a  given  town,  or  part  of  a  town,  must  have  about  donbk 
the  discharging  capacity  that  it  would  require  if  the  hourly  demand 
were  uniform. 

The  great  additional  expense  which  this  would  cause  in  the 
principal  conduits  and  main  pipes  is  saved  by  the  use  of  dutribiUi»t 
basins  or  town  reservoirs, 

A  distributing-basin  for  a  given  district  is  a  small  naars^f 
capable  of  containing  a  volume  of  water  at  least  equal  to  the  wbA 
excess  of  the  demand  for  water  during  those  hours  of  the  day  wh* 

*  See  Addendom,  p.  7931 
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sudi  demand  exceeds  the  average  rate  above  a  supply  during 
the  same  time  at  the  average  i*ate.  The  smallest  capacity 
which  will  enable  a  distributing-basin  to  fulfil  that  condition  is 
about  one-half  of  the  daily  demand  of  the  district  to  which  it 
belongs;  but  to  provide  for  unforeseen  contingencies,  it  may  be 
made  to  contain  a  whole  day*s  demand,  or  even  more.  It  is  sup- 
plied with  water  at  an  uniibrm  rate,  by  a  principal  main  pipe, 
which  thus  only  needs  to  be  made  capable  of  supplying  the  average 
hourly  demand,  the  distributing-pipes  alone  requiring  to  be  adapted 
to  the  greatest  hourly  demand.  Dui-ing  the  night,  when  the 
supply  exceeds  the  demand,  the  water  accumulates  in  the  distribut- 
ing-basin ;  during  the  day,  when  the  demand  exceeds  the  supply, 
that  accumulated  water  is  expended. 

The  area  of  a  distributing- basin  should  be  such,  that  the  variation 
of  its  water-level  may  not  cause  an  inconvenient  variation  of  the 
head  of  pressure  in  the  pipes,  nor  in  their  virtual  decHvity. 

It  may  be  built  and  paved  with  masonry  or  brickwork  lined 
with  cement,  in  which  case  the  stability  of  its  walls  will  dej^end  on 
the  principles  cited  in  Article  465,  p.  707 ;  or  it  may  be  made  of 
rectangular  cast  iron  plates,  flanged  and  bolted  together,  the  op- 
posite sides  of  the  reservoir  being  tied  together  by  means  of  wrought 
iron  rods,  to  enable  them  to  resist  the  pi-essure.  The  figure  in 
plan  will  in  general  be  regulated  by  that  of  the  site ;  but  should 
the  engineer  be  free  to  choose  any  figure,  the  circular  figure  is 
obviously  the  best. 

The  elevation  of  the  site  should  be  such  as  to  command  the  dis- 
trict to  be  supplied  from  the  basin,  according  to  the  principles  of 
Article  491,  p.  732,  and  it  should  be  as  near  that  district  as 
possible. 

Every  distributing-basin  should  be  roofed,  that  the  water  may  be 
protected  against  heat,  frost,  and  the  dust  and  soot  which  float  in 
the  air  of  populous  districta  The  most  efi^cient  protection  against 
heat  and  frost  is  that  given  by  a  vaulted  roof  of  masonry  or  brick, 
covered  with  asphaltic  concrete  to  exclude  stu^EU^  water,  and  with 
two  or  .three  feet  of  soil,  and  a  layer  of  tturf. 

When  water  is  brought  to  a  city  from  a  great  distance,  it  may 
be  useful  to  construct  in  the  neighbourhood  of  the  city  (should  the 
ground  afibrd  a  suitable  site),  a  large  town  reservoir  or  auxiliary 
store  reservoir,  capable  of  holding  a  store  of  water  for  about  a 
month's  demand,  to  be  used  in  the  event  of  an  accident  happening 
to  the  more  distant  part  of  the  main  conduit,  until  the  damage  is 
repaired.  Fi'om  that  reservoir  to  the  town  the  main  pipes  may 
form  a  double  line,  so  that  in  the  event  of  a  failure  of  one  line,  a 
supply,  although  a  diminished  one,  may  be  conveyed  through  the 
other  line   until  the  first  line  is  repaired.      The  construction  of 


740  OOICBINED  8TBUCTURES. 

such  an  atudliaiy  store  reservoir  will  in  general  be  similar  to  tint 
cf  the  reseryoirs  described  in  Section  IIL  of  this  chapter. 

500.  ]Miirik«ttes^Pip«a  must  be  adapted  to  the  ffreateri  howAj 
demand  for  water,  and  to  the  requisite  head  in  the  streets^  u 
already  explained  in  Articles  490  and  4Q1,  pp  730  to  733.  In  Urge 
cities  the  total  length  of  distributiug-pipes  required  is  about  a  mile  for 
every  2,000t)r  3,000  inhabitants.  The  smaller  the  town,  the  smaller 
in  general  is  the  proportionate  extent  of  distributing-pipes  required. 

The  distributing-pipes  which  are  laid  along  the  street  are  classed 
as  mains  and  service-pipes;  the  chief  distinction  being,  that  a  main 
^ther  conveys,  or  is  capable  of  conveying,  water  along  a  street  to 
some  place  beyond  it;  while  a  service-pipe  is  a  branch  diveiging 
from  a  main,  in  order  to  supply  a  single  or  double  row  of  buildmgs. 
In  wide  streets,  and  in  those  of  great  traffic,  it  is  best  to  have  two 
eenice-pipes,  one  for  each  side,  in  order  that  they  may  be  kid  so 
as  to  be  accessible  without  interrupting  the  traffic  of  the  street  (see 
Article  421,  p.  629),  and  in  order  that  the  house  water-pipes  mav 
be  as  short  as  possible,  and  may  lie  as  little  as  possible  under  the 
carriage-way. 

When  a  general  rate  of  virtual  declivity  has  been  fixed  for  the 
distributing-pipes  of  a  town  or  of  a  district  of  a  town,  and  ihe 
diameters  of  the  more  important  mains  have  been  computed  by  the 
proper  formula,  those  of  all  branch  mains  and  service-pipes  are 
easily  deduced  from  them  by  the  rule,  that,  with  equid  virtotl 
declivities,  the  diameters  of  pipes  are  to  be  proportional  to  the 
squares  of  tite  fifih  roots  of  the  quantities  of  water  that  they  are  to 
convey. 

^\^ben  a  pipe  of  unifonn  diameter  has  a  series  of  branches  divei^ 
ing  from  it,  so  that  the  flow  of  water  through  it  becomes  less  and 
less  at  an  uniform  rate,  until  the  pipe  terminates  at  a  ''  dead  emi,* 
the  virtual  declivity  goes  on  dimini^ing,  being  proportional  to  the 
square  of  the  distance  Jrom  the  dead  end;  the  excess  of  the  head  at 
any  point  above  the  head  at  the  dead  end  is  proportional  to  the 
citbe  of  the  distance  Jrom  the  dead  end;  and  the  total  Tirtul 
fall,  from  the  commencement  of  the  pipe  to  the  dead  end,  is  oa^ 
third  of  what  it  would  have  been  had  the  whole  quantity  of  vakr 
flowed  along  the  pipe  without  diverging  into  branch  pipes. 

All  dead  ends  of  pipes  should  be  provided  with  seouring-^aket^ 
which  should  be  open^  from  time  to  time  to  prevent  the  aocuBHi- 
lation  of  deposit  there.  Pipes  should  be  laid  out  and  connected 
with  each  other  so  as  to  have  as  few  dead  ends  as  possible;  and 
with  that  view  it  is  desirable  that  service-pipes  should,  if  pncti- 
cable,  be  connected  at  both  ends  with  mainSi 

The  use  of  loaded  valves  to  moderate  pressure  has  already  been 
mentioned  in  Article  491,  p.  732. 
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The  83rfltem  called  that  of  constant  service,  according  to  which  all 
distributing-pipes  are  kept  charged  with  water  at  all  times,  is  the 
best,  not  only  for  the  convenience  of  the  inhabitants,  but  also  foi 
the'  durability  of  the  pipes,  and  for  the  purity  of  the  water;  for 
pipes,  when  alternately  wet  and  dry,  tend  to  rust;  and  when 
emptied  of  water,  they  are  liable  to  collect  rust,  dust,  coal-gas,  and 
the  effluvia  of  neighbouring  sewers,  which  are  absorbed  by  the 
water  on  its  re-admission.  In  order,  however,  that  the  system  of 
constant  service  may  be  canied  out  with  efficiency  and  economy,  it* 
is  necessary  that  the  diameters  of  the  pipes  should  be  carefully 
adapted  to  their  discharges,  and  to  the  elevation  of  the  district 
which  they  are  to  supply,  and  that  the  town  should  be  sufficiently 
provided  with  town  reservoirs.  When  these  conditions  are  not 
fulfilled,  it  may  be  indispensable  to  practise  the  system  of  inter- 
mittent  service,  especially  as  regards  elevated  districts ;  that  is  to 
say,  to  supply  certain  districts  in  succession,  during  certain  hours 
of  the  day.  The  adoption  of  this  system  makes  it  necessary  for  the 
inhabitants  to  have  cisterns  in  their  houses  for  the  purpose  of 
holding  the  daily  store  of  water.  In  the  poorer  districts  of  towns, 
it  is  often  advisable  to  have  one  large  tank  for  a  group  of  small 
bouses,  instead  of  a  cistern  in  each  house;  the  tank  may  be  under 
the  contiol  of  the  water-work  officials,  and  may  be  filled  once  a 
day,  and  the  householders  may  be  supplied  from  it  through  small 
pipes  constantly  charged,  and  may  thus  have  the  convenience  of 
constant  service  although  the  supply  to  the  tank  is  intermittent. 

500  A.  On  the  subject  of  the  collection,  conveyance,  and  dis- 
tribution of  water  generally,  special  reference  may  be  made  to  the 
works  of  Du  Buat,  M.  D'Aubuisson,  Mr.  Neville,  and  Mr. 
Downing,  On  Uydravlics;  Tredgold's  Hydraulic  IWacts;  Mr. 
Beardmore*s  Hydraulic  Tables;  Professor  Becker's  "  Wasserhauf* 
and  Dr.  Hagen*s  **  Handbv^h  der  Wasserbaukunst^*  (Kbnigsberg, 
1853  to  1857);  and  on  that  of  the  water  supply  of  towns,  to  the 
Parliamentary  Reports  on  the  supply  of  water  to  the  metropolis, 
and  to  the  Reports  of  the  Board  of  Health  on  the  same  subject. 

Addendum  to  Article  484,  p.  728. — Siphons  for  TMal  Drainage. — The 
traters  of  the  Middle- Level  Drainage  Canal  are  discharged  over  the  top  of  an 
embankment  through  sixteen  parallel  siphons,  each  of  84  feet  bore  and  \^  inch 
tbkk.  The  sumniita  of  the  siphons  are  20  feet  above,  and  their  lower  ends  1|  foot 
below,  low  water  of  spring-tides.  They  have  flap-valves,  opening  down  stream,  at 
both  ends;  the  lower  valve  can  be  made  fast  with  a  bridle  when  required.  The 
air  is  exhausted  from  their  summits,  when  required,  by  an  air-pump  having  three 
cylinders  of  15  inches  diameter  and  18  Inches  strolce,  driven  by  a  high- pressure 
steam  engine  of  ten  horse  power.  The  floor  of  the  canal  at  the  inlets  and  outlets 
is  protected  by  a  wooden  apron.  (J.  Hawksbaw,  C.E.,  F.B.9.,  in  the  Proceedings 
nfihe  Institution  of  CM  Engineers,  April,  1863.) 
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CHAPTER  IIL 

OF  WORKS  OP  INLAND  NAYIOATIOIT. 

Section  L — Of  CandU. 

501.  Canals  ClaMed— SelecUoa  af  I^lae  aadi  I«cTelfc — GaiuJs  maj 
be  divided  into  three  classes — 

I.  Levd  Canals,  or  Ditch  Canals,  consisting  of  one  reach  or  pond, 
which  is  at  the  same  level  throughout.  The  most  eoonomicsl 
course  for  a  canal  of  this  sort  is  ohviously  one  which  nearly  follows 
A  contour-line,  except  where  opportunities  occur  of  saving  expense 
by  crossing  a  ridge  or  a  valley  so  as  to  avoid  a  long  circuit. 

IL  Lateral  Canals,  which  connect  two  places  in  the  same  valley^ 
and  in  which,  therefore,  there  is  no  summit  level,  the  fall  taking 
place  in  one  dii-ection  only.  A  lateral  canal  is  divided  into  a  series 
of  level  reaches  or  ponds,  connected  by  sudden  changes  of  level,  at 
which  thei^e  are  either  single  locks  or  flights  of  locks,  or  some 
other  means  of  transferring  boats  from  one  level  to  another.  The 
^^ift"  of  a  single  lock  ranges  from  2  feet  to  12  feet,  and  is  most 
commonlv  8  or  9  feet.  Each  level  reach  is  to  be  laid  out  on  the 
same  principles  with  a  level  canaL  In  flxing  the  lengths  of  the 
reaches  and  the  positions  of  the  locks,  the  engineer  should  hare 
regard  to  the  fact  that  economy  of  water  is  promoted  by  distributing 
a  given  fall  amongst  single  locks  with  reaches  between  them,  rather 
than  concentrating  the  whole  fall  at  one  flight  of  lock& 

III.  Canals  with  Summits  have  to  be  laid  out  with  a  view  to 
economy  of  works  at  the  passes  between  one  valley  and  another, 
and  with  a  view  also  to  the  obtaining  of  sufficient  supplies  of  water 
at  the  summit  reaches.  The  subject  of  the  supply  of  water  to 
canals  will  be  considered  further  on. 

502.  Form  and   Dimensions  of  Walcr-way. — Although,   for  the 

sake  of  saving  expense  in  aqueducts  and  bridges,  short  portions  cf 
a  canal  may  be  made  wide  enough  for  the  passage  of  one  boat  only, 
the  general  width  ought  to  be  sufficient  to  allow  two  boats  to  paai 
each  other  easily.  The  depth  of  water  and  sectional  area  of  water- 
way should  be  such  as  not  to  cause  any  material  iocrease  of  tiw 
resistance  to  the  motion  of  the  boat  beyond  what  it  would  encoun- 
ter in  open  water.  The  following  are  the  general  roles  which  fulfil 
these  conditions: — 
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Least  Breadth  at  Bottom  =  2  x  gi*eatest  breadth  of  a  boat. 
Least  Depth  of  Water       =1^  foot  -f  greatest  draught  of  a  boat 
[least  Area  of  WaJter-way  =  6  x  greatest  midship  section  of  a  boat. 

The  bottom  of  the  water-way  is  flat.  The  sides,  when  of  earth 
(which  is  generally  the  case),  should  not  be  steeper  than  1^  to  1; 
"when  of  masonry,  they  may  be  vertical;  but,  in  that  case,  about  2 
feet  additional  width  at  the  bottom  must  be  given  to  enable  boats  to 
clear  each  other,  and  if  the  length  traversed  between  vertical  sides 
is  great,  as  much  more  additional  width  as  may  be  necessary  in 
order  to  give  sufficient  sectional  area. 

The  customary  dimensions  of  canal-boats  have  been  fixed  with  a 
view  to  horse-haulage.  The  most  economical  use  of  horse-power  on 
a  canal  is  to  draw  heavy  boats  at  low  speeds.  The  heaviest  boat 
that  one  horse  can  draw  at  a  speed  of  from  2  to  2 J  miles  an  hour 
weighs,  with  its  cargo,  about  105  tons,  is  about  70  feet  long  and 
12  feet  broad,  and  draws  about  4^  feet  of  water  when  fully  loaded. 
Smaller  boats,  which  a  horse  can  draw  at  Z\  or  4  miles  an  hour,  are 
of  about  the  same  length,  6  or  7  feet  broad,  and  di-aw  about  2  J  feet 
of  water. 

Boats  of  the  greater  breadth  above-mentioned  can  easily  be  adapted 
to  the  various  methods  of  propulsion  by  steam,  whether  by  means 
of  the  screw  propeller  or  the  warping  chain,  or  fixed  engines  and 
endless  wire  ropes  (Mr.  Liddell's  system). 

Ordinary  canals  are  suited  to  boats  such  as  the  above.  A  larger 
class  of  canals  are  suited  to  sea-going  vessels. 

The  following  are  examples  of  the  extreme  and  ordinary  dimen- 
nous  of  canals: — 

Breadth  Breadth  Depth 

at  Bottom.         at  Top-water.  of  Water. 

Small  canal, 12  feet, 24  feet,  4  feet. 

Ordinary  canal,....  25    „     40    „     5    „ 

Large  canaly 50    ^,     110    „     20  „ 

503.  CoHstrnction  of  a  Canal. — The  least  expensive  parts  of  a 
canal  are  those  in  which  the  upper  part  of  the  water-way  is  con- 
tained between  two  embankments,  and  the  lower  part  in  a  cutting, 
the  earth  dug  from  which,  together  with  that  dug  from  the  side- 
drains  at  the  foot  of  the  outer  slopes,  is  just  sufficient  to  form  the 
embankments. 

AU  canal  embankments  should  be  formed  and  rammed  in  thin 
layers.  (Article  203,  p.  341.)  The  width  of  the  embankment 
which  carries  the  towing-path  is  usually  about  12  feet  at  the  top; 
that  of  the  opposite  embankment  at  least  4  feet,  and  sometimes  6 
feet.  Each  embankment  has  a  vertical  puddle  wall  in  its  centre 
from  2  to  3  feet  thick. 
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Iq  cutting^  there  should  be  a  bench  orberm  of  12  or  14  feet  wide, 
at  one  side,  for  the  towing-path,  and  on  the  opposite  side  a  bench 
about  3  or  4  feet  wide  at  the  same  level.  At  the  feet  of  the 
slopes,  which  terminate  at  those  benches,  there  are  a  pair  of  side- 
drains,  as  described  in  Article  193,  p.  335.  These  side-drains 
discharge  their  water  at  intervals  into  the  canal  through  tube& 

The  surface  of  the  towing-path  is  usually  about  2  feet  above  the 
water-level.  It  is  made  to  slope  slightly  in  a  direction  away  from 
the  canal,  in  order  to  give  a  better  foot-hold  for  the  horses,  as  they 
draw  in  an  oblique  direction. 

The  slopes  are  to  be  pitched  with  dry  stone  from  G  to  9  inches 
thick. 

Occasioilally  it  may  be  necessary  to  line  a  canal  with  concrete, 
or  to  face  the  sides  with  rows  of  sheet-piling,  in  order  to  retain  the 
water. 

Kataral  water-courses  are  to  be  carried  below  the  canal  by  means 
of  bridges  and  culverts,  and,  if  necessary,  by  inverted  siphons  of 
masonry  or  iron.  Where  such  water-coui-ses  are  above  the  level  oi 
the  canal,  their  waters  may  be  partly  used  for  supplying  it;  but 
means  should  be  provided  for  carrying  such  waters  wholly  across 
the  canal  when  required. 

Each  reach  of  a  canal  should  be  provided  with  waste-weirs  in 
suitable  positions,  to  prevent  its  waters  from  rising  to  too  high  a 
level ;  also  with  sluices,  through  which  it  may  be  wholly  emptied  of 
water  for  purposes  of  repair;  and  in  a  reach  longer  than  two  milcs^ 
or  thereabouts,  there  may  be  stop-gates  at  inter\'als,  so  that  one 
division  of  the  reach  may  be  emptied  at  a  time,  if  neoessaiy.  The 
rectangular  channel  under  a  bridge  or  over  an  aqueduct  is  a  saitaUe 
place  for  such  gates. 

Leaks  in  canals  may  sometimes  be  stopped  by  shaking  loose  sand, 
clay,  lime,  chaff,  <&c.,  into  the  water.  The  particles  are  carried  into 
the  leaks,  which  they  eventually  choke  by  their  accumulation. 

504.   Canal  Aqvcducfs  and    Fixed   Bridges. — A    canal  aqueduct, 

like  the  aqueducts  for  conduits  already  mentioned  in  Article  -47^ 
p.  720,  is  a  bridge  supporting  a  water-channel.  The  trough  or 
channel,  for  economy's  sake,  is  usually  made  wide  enough  for  one 
boat  only.  Its  bottom  is  flat,  or  nearly  so;  its  sides  vertical  or 
slightly  battering.  In  aqueducts  of  masonry,  the  total  thickness 
of  material,  from  the  side  of  the  ti*ough  to  the  face  of  the  spandril- 
wall,  is  usually  4  feet  at  least  at  the  side  furthest  from  the  towing- 
path  ;  at  the  towing-[)ath  side  it  is  sufficient  for  a  towing-path  uf 
fi-om  6  to  10  feet  wide,  and  a  parapet  from  15  to  18  inches  Uiick. 

In  Telford's  cast  iixjn  aqueduct,  known  as  Pont-y-Cysylte,  the 
channel  is  a  rectangular  trough  of  cast  iron,  supported  on  cast  ircA 
segmental  arched  ribs  of  45  feet  span.     The  trough  is  of  the  whoto 
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width  of  the  bridge,  about  12  feet,  and  the  towing-path,  5  feet  8 
inches  wide,  covers  part  of  the  trough. 

The  principle  of  the  suspension  bridge  is  peculiarly  well  adapted 
to  aqueducts,  because,  as  each  boat  displaces  its  own  weight  of 
water,  the  only  disturbance  of  the  uniform  distribution  of  the  load 
is  that  arising  from  the  passage  of  men  and  horses  along  the 
towing-path.  An  aqueduct  of  this  sort,  designed  by  Mr.  Eoebling, 
with  seven  spans  of  160  feet,  carries  a  canal  16  feet  wide  and  8  feet 
deep,  over  the  Alleghany  River  at  Pittsburg. 

Fixed  bridges  over  canals  require  no  special  explanation,  except 
to  state  that,  in  the  older  examples  of  them,  the  water-way  ia 
contracted  so  as  to  admit  cne  boat  only,  and  the  towing-path  is 
only  6  feet  wide,  or  thereabouts,  the  headroom  over  it  being  about 
10  feet.  Sometimes  the  archway  admits  the  water-channel  alone, 
while  the  towing-path  ascends  to  the  approach  of  the  bridge  and 
descends  again,  the  tow-rope  being  cast  loose  while  the  horse  passes 
over.  As  to  bridges  for  carrying  railways  over  canals,  see  Article 
436,  p.  663. 

Tunnels  for  canals  usually  have  the  water-way  and  iftwing-path 
contracted  as  already  described ;  and  sometimes  the  towing-path  is 
dispensed  with,  the  boats  being  pushed  through  by  means  of  poles, 
or  by  the  hands  and  feet  of  the  boatmen,  with  the  aid  of  notches 
in  the  brickwork,  or  by  means  of  the  various  methods  of  steam 
propulsion. 

505.  moreable  Bridges  cross  a  canal  near  its  water-level   are 
made  of  timber  or  of  iron,  and  are  capable  of  being  opened  so  as  to 
leave  the  navigation  clear,  and  closed  so  as  to  form  a  passage  for  a 
road  or  railway  by  one  or  other  uf  five  kinds  of  movement,  vizL, 
I.   By  turning  about  a  horizontal  axis;    II.  By  turning  about  a 
vertical  axis;   III.  By  rolling  horizontally;  IV.  By  lifting  verti- 
cally ;  Y.  By  floating  in  the  canal.     As  regards  the  adaptation  oi 
the  strength  and  stifliiess  of  a  moveable  bridge  to  the  greatest  load 
which  it  has  to  bear  when  closed,  it  differs  in  no  i*espcct  from  a 
fixed  bridge.     But,  besides  having  the  strength  and  stifihess  required 
in  a  fixed  bridge,  it  must  fulfil  some  other  conditions,  which  are 
as  follows : — If  it  turns  about  an  axis,  it  must  be  so  balanced  that 
its  centre  of  gravity  shall  always  lie  in  that  axis;  if  it  rolls  back- 
wards and  forwards  it  must  be  so  balanced  that  its  centre  of 
gravity  shall  always  lie  over  the  base  or  platform  on  which  it 
rolls :   in  either  of  those  cases  it  must  have  strength  sufficient  to 
support  safely  the  overhanging  part  of  its  own  structure,  when 
depiived  of  direct  support;  if  it  is  lifted  vertically,  it  must  be 
counterpoised;  and  if  it  is  carried  by  a  pontoon  or  float,  that  float 
must  displace  a  mass  of  water  equal  in  weight  to  the  bridge,  and 
must  have  sufficient  stability. 
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I.  A  bridge  which  turns  about  a  horizontal  axis  near  an  end  of 
its  span  is  called  a  draw-bridge.  It  is  opened  by  being  raised 
into  a  vertical  position  by  means  of  a  pinion  driving  a  toothed 
sector.     It  is  best  suited  for  small  spans. 

II.  A  bridge  which  turns  about  a  vertical  axis  is  called  i 
swing-bridge.     Its  principal  parts  are  as  follows : — 

A  pier  of  masonry  or  iron,  supporting  a  circular  base-plate  of  % 
diameter  equal,  or  nearly  equal,  to  the  breadth  of  the  bridge.  That 
base-plate  has  a  pivot  in  the  centre,  and  a  circular  race  or  track  for 
roUers  round  the  circumference,  as  in  a  luilway  turntable : 

A  roller  frame  turning  about  the  central  pivot^  with  a  set  of 
conical  rollers  resting  on  the  race : 

A  circular  revolving  platform  resting  on  the  pivot  and  rollers: 

A  toothed  arc  fixed  to  the  revolving  platform,  with  suitahle 
wheel- work  for  giving  it  motion : 

A  set  of  parallel  girders,  resting  on  and  fastened  to  the  revolving 
platform,  of  the  strength  and  stiffness  required  by  the  principles 
already  stated,  and  supposing  a  roadway. 

The  en(&  of  the  superstructure  are  bounded  by  arcs  of  drdea, 
described  about  the  axis  of  motion,  and  the  ends  of  the  roadway  of 
the  approaches  must  be  formed  to  fit  them.* 

IIL  A  rolling  bridge  has  a  strong  frame,  supported  by  wheels 
upon  a  line  of  rails,  and  having  an  overhanging  portion  saffident 
to  span  the  water-way.  When  closed,  by  being  rolled  forward,  the 
rolling  frame  leaves  a  gap  between  its  platform  and  that  of  one  of 
the  approaches,  which  gap  is  filled  by  rolling  in  another  tolling 
frame  that  moves  sideways.  The  latter  rolling  frame  is  rolled  out 
of  the  way  before  opening  the  bridge. 

I  v.  A  lifting  bridge  is  hung  by  the  four  comers  to  four  chains^ 
which  pass  over  puUies,  and  have  counterpoises  at  their  other 
ends. 

Y.  A.  floating  swing-bridge  rests  on  a  caisson  or  pontoon:  it 
is  opened  and  closed  by  means  of  chains  and  windlasses,  and,  when 
open,  lies  in  a  recess  in  the  side  of  the  canal  made  to  receive  it 
The  pontoon,  being  made  of  sheet  iron,  is  so  designed  as  to  act  as  a 
tubular  girder  when  the  bridge  is  closed. 

506.  Canal  i.ock«.~Figs.  290,  291,  and  292,  show  the  genenl 
arrangement  of  the  parts  of  a  canal  lock.  Fig.  290  is  a  longi* 
tudinal  section,  fig.  291,  a  plan,  and  fi^.  29^  a  croas-sectiony  look* 
ing  upwards. 


"*  For  an  example  of  a  iwlng-bridge  on  a  great  scale,  refarcDce  roar  be  aada  ta 
one  planned  by  Mr.  Hemans  and  constructed  by  Messrs.  Fairbaim,  which  eanriei  thi 
Midland  Great  Western  Railw'ay  of  Ireland  over  the  entrance  to  Loogh  Atafifc 
It  has  tvro  spans  of  60  feet  each,  and  ia  balanced  on  a  owtna  pjer  of  S4  M 
diaaie(er.     It  is  described  in  detail  in  Mr.  Hamber's  woik  On  Ihm  M^ 
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G,  the  taU-gaie8y  whose  lower  edges,  when  shut,  press  Ugaiiuit  tLe 
tail  mitre-silly  g. 

The  older  locks  are  filled  and  emptied  through  sltiices  in  their 
head  and  tail-gates ;  but  now  the  more  general  practice  is  to  use 
for  that  pur})08e  inlet  and  outlet  passages  with  slide-valves.  These 
passages  may  either  be  culverts  contained  in  the  thickness  of  tho 
masonry,  or  iron  pipes  in  such  positions  as  those  marked  ky  hy  h,  fu 

The  cylindrical  I'ecesses  in  which  the  gates  are  hinged  are  called 
the  koUow  quoins. 

The  following  parts  of  a  lock  -are  usually  of  ashlar: — The  quoins, 
hollow  quoins,  cope,  recesses  for  the  gates  (or  "gate-chambers*'), 
and  mitre-sills. 

The  mitre-sills  are  sometimes  faced  with  wood,  to  enable  them 
the  better  to  withstand  the  blows  which  they  receive  from  the 
gates,  and  to  make  a  tighter  joint. 

The  floor  of  the  lock  is  sometimes  made  of  cast  iron.  (Seo 
Article  400,  p.  601.) 

The  gates  are  made  of  timber  or  of  iron,  and  each  of  them  con- 
sists of  the  following  principal  parts : — 

The  heel-post,  about  the  axis  of  which  the  gate  turns.  This  post  is 
cylindiical  on  the  side  next  the  hollow  quoins,  which  it  exactly 
fits  when  the  gate  is  shut.  It  is  advisable  to  make  it  slightly 
eccentric,  so  that  when  the  gate  is  opened,  it  may  cease  to  rub  on 
the  hollow  quoins.  At  its  lower  end  it  rests  on  a  pivot,  and  its 
upper  end  turns  in  a  circular  collar,  which  is  strengly  anchored 
back  to  the  masonry  of  the  side  walls : 

The  mitre-post,  forming  the  outer  edge  of  the  frame  of  the  gate, 
which,  when  the  gate  is  shut,  abuts  against  and  makes  a  tight 
joint  with  the  mitre-post  of  the  opposite  leaf: 

The  cross-pieces,  which  extend  horizontally  between  the  heel- 
post  and  mitre-post : 

The  deading  or  covering,  which  may  consist  of  timber  planking 
or  ii-on  plates.  When  it  consists  of  planks,  they  run  either  verti- 
cally or  diagonally: 

The  diagonal  bracing,  which,  in  its  simplest  form,  may  consist 
either  of  a  timber  strut  extending  from  the  bottom  of  the  heel -post 
to  the  top  of  the  mitre-post,  or  of  an  iron  tie-bar  extending  from 
the  top  of  the  heel-post  to  the  bottom  of  the  mitre-posts 

The  gates  shown  in  the  sketch  are  provided  with  balanoe^rsL 
A  balance-bar  is  bolted  to  the  top  of  the  mitre-post,  slopes  slightly 
upwards,  and  crosses  over  the  top  of  the  heel-post,  which  is  mortiseil 
into  it,  and  has  a  long  and  heavy  overhanging  end,  which  acts  as 
a  counterpoise  to  bring  the  centre  of  gravity  of  the  gate  near  the 
heel-post,  and  as  a  lever  to  open  and  shut  it  by. 
Sometimes  the  balance-bar  is  dispensed  with^  and  each  gate  has 
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one  or  more  roUera  under  its  lowest  cross-bar^  to  assist  the  pivot  in 
supporting  its  weight.  Each  of  those  rollers  runs  upon  a  quad- 
rantal  iron  rail  on  the  floor  of  the  gate-chamber.  This  mode  of 
construction  is  almost  always  adopted  in  large  and  heavy  gates 
that.require  chains  and  windlasses  to  open  and  shut  them. 

The  following  are  some  of  the  ordinary  dimensions  and  propor- 
tions of  locks,  in  addition  to  those  already  stated : — 

The  mitre-sills  rise  from  6  to  9  inches  above  the  floor : 

"Versed-sine  of  mitre-sill,  from  ^  to  ^  of  breadth  of  lock : 

Clearance  in  depth  of  the  recesses  for  the  gates,  -^^  of  thickness 
of  gate;  clearance  in  length,  j  of  length  of  gate: 

Least  thickness  of  the  side  walls  at  the  top,  about  4  feet. 
Greatest  thickness  at  the  base,  fixed  according  to  the  principles 
of  the  stability  of  walls,  usually  from  ^  to  ^  of  the  height : 

Length  of  side  walls  of  head-bay  above  gate-chamber,  about  ^  of 
breadth  of  lock : 

Laige  counterforts  opposite  hollow  quoins  to  have  stability 
enough  to  withstand  the  c^culated  transverse  thrust  of  the  gates. 

The  UmgUvdirud  thrust  of  the  head-gates  is  borne  by  the  side 
vails  of  the  lock-chamber;  that  of  the  tail-gates  by  the  side  walls 
of  the  tail-bay.  To  give  the  latter  walls  sufficient  stability,  the 
nile  is  to  make  their  length  as  follows : — 

Breadth  of  lock  x  greatest  depth  of  water  -s-  15  feet. 

Versed-sine  of  lift-wall,  from  1-1 2th  to  l-7th  of  breadth  of  lock. 

^oor  of  head-bay:  least  thickness,  from  10  inches  to  14  inches. 

Floor  of  lock-chamber:  versed-sine,  about  1-1 5th  of  breadth; 
thickness,  from  1-1 5th  to  l-3rd  of  breadth,  according  to  the  nature 
of  the  foundation. 

Foundations  of  various  kinds  have  been  sufficiently  explained. 
It  has  only  to  be  added  that,  when  a  lock  is  founded  on  a  timber 
platform,  longitudinal  pieces  of  timber  extending  along  the  whole 
length  of  the  foundation  are  to  be  avoided,  lest  they  guido  streams 
^f  water  along  their  sides;  that  transverse  trenches  under  the 
foundation,  filled  with  hydraulic  concrete,  are  a  good  means  of 
preventing  leakage;  and  that,  in  porous  soils,  the  whole  space 
i^hind  the  lift-wall  and  under  the  floor  of  the  head-bay  may  be 
filled  with  a  mass  of  concrete. 

Length  of  apron  fi-om  15  to  30  feet. 

The  dimensions  of  the  diflerent  parts  of  the  gates  are  to  be 
computed  according  to  the  principles  of  the  strength  of  materials. 
It  appears  that  the  factor  of  safety  in  many  actual  lock-gates  is  as 
low  as  3  or  4.  This  can  only  be  sufficient  by  reason  of  the  perfect 
•Readiness  of  the  load. 

^07.  IbcUbmI  Piaacs  mn  Caaaia.-— To  save  the  time  and  water 
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expended  in  sbifting  boats  from  one  level  to  another  hy  means  of 
locks,  inclined  planes  ai^  used  on  some   canala     Their  geneial 
arrangement  is  as  follows : — The  upper  and  lower  reach  of  tbe 
canal,  at  the  places  which  are  to  be  connected  by  inclined  planeis 
are  deepened  sufficiently  to  admit  of  the  introduction  of  water- 
tight iron  caissons,  or  moveable  tanks,  under  the  boats.    Two 
parallel  lines  of  rails  start  from  the  bottom  of  the  lower  retd^ 
ascend  an  inclined  plane  up  to  a  summit  a  little  above  the  ynXa- 
level  of  the  upper  reach,  and  then  descend  down  a  short  indined 
plane  to  the  bottom  of  the  upper  reach.     There  are  two  ctasaaoA, 
or  moveable  tanks  on  wheels,  each  holding  water  enough  to  float  a 
boat.     One  of  these  caissons  runs  on  each  line  of  raUis :  and  thev 
are  so  connected,  by  means  of  a  chain,  or  of  a  wire  rope,  running 
on  moveable  pullies,  that  when  one  descends  the  other  ascends. 
These  caissons  balance  each  other  at  all  times  when  both  are  on 
the  long  incline,  because  the  boats,  light  or  heavy,  which  they 
contain,  displace  exactly  their  own  weight  of  water.     There  is  a 
short  period  when  both  caissons  are  in  the  act  of  coming  out  of  the 
water,  one  at  the  upper  and  the  other  at  the  lower  reach,  when  tbe 
balance  is  not  maintained;  and,  in  order  to  supply  the  power 
required  at  that  time,  and  to  overcome  friction,  a  steam  engine 
drives  the  main  puUy,   as  in  the  case    of   fixed-engine  planflB 
on  railways* 

Boats  may  be  hauled  up  on  wheeled  cradles  without  using 
caissons;  but  this  requires  a  greater  expenditure  of  power.  Mr. 
Thomas  Grahame  has  proposed  a  method  of  performing  this  pro- 
cess which  would  enable  a  fixed  engine  to  be  dispensed  with  wheie 
steamboats  are  used.  It  consists  in  providing  each  steamer  with 
a  windlass,  driven  by  its  engine,  and  the  inclined  plane  simply 
with  a  rope,  whose  upper  end  is  made  fSast  while  its  lower  end  is 
loose.  The  boat  is  floated  on  to  the  cradle  at  the  bottc»n  of  the 
plane;  the  loose  end  of  the  rope  is  laid  hold  of  and  attached  to 
the  windlass,  which,  being  driven  by  the  engine,  causes  the  host 
to  haul  itself  up  the  inclined  plane. 

On  some  canals  vertical  lifts  with  caissons  are  used  instead  flf 
inclined  planes.t 

508.  Water  Supply  •f  CmmmU, — Canals  are  supplied  with  water 
from  gathering-grounds,  springs,  rivers,  and  weUs,  by  the  aid  d 
reservoirs  and  conduits;  and  their  supply  involves  the  aame^pes- 
tions  of  rain-fall,  demand,  compensation,  iic^  which  have  alnw^f 
been  treated  of  in  Chapter  IL  of  this  Part 


*  For  a  description  of  an  inclined  plane  of  this  sort,  used  on  the  Kdnkkod 
near  Glasgow,  see  the  TransadioM  qfthe  Royal  SeoUuk  Soculf  of  Ari»  for  1851 

t  An  improved  system  of  apparatus  for  snch  lifts,  proposed  by  Mr.  Gwrgt  Oiiii 
is  described  in  the  Thnuocfftoitf  ^|A« /lUtJSMMW  o^f^ 
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The  demamd  for  water,  iu  the  case  of  a  canal,  may  be  estimated 
as  follows : — 

I.  Waste  of  Water  by  leakage  of  the  channel,  repairs,  and 
eyaporation,  per  day  =  area  of  surface  of  the  canal  x  ^  of  a 
foot,  nearly. 

II.  Current  from  the  higher  towards  the  lower  reaches,  pro- 
duced by  leakage  at  the  lock  gates,  per  day,  from  10,000  to  20,000 
cubic  feet,  in  ordinary  cases. 

III.  Lockage,  or  expenditure  of  water  in  passing  boats  from  one 
level  to  another. 

Let  L  denote  a  lochfvl  of  water;  that  is,  the  volume  contained 
in  the  lock-chamber,  between  the  upper  and  lower  water-levels. 

B,  the  volume  displaced  by  a  boat. 

Then  the  quantities  of  water  discharged  from  the  upper  pond, 
at  a  lock  or  a  flight  of  locks,  under  various  circumstances,  are 
shown  in  the  following  tables.  The  sign  —  prefixed  to  a  quantity 
of  water  denotes  that  it  is  displaced  /rom  tlie  lock  into  the  upper 
poind, 

SzMOLx  Lock.                      Lock  (bund,  Water  dlachftrgod.    Lock  left, 

One  boat  descending empty, L — B>  .««*« 

„        fiJI,.„ -Bj-  ""P'7- 

One  boat  ascending, empty  or  full,...  L  +  B  full. 

2  »  boats,  descending  and)  descending  full,)  ▼  f  descending  empty. 

ascending  alternately,  j*  ascending  empty/  (ascending  fulL 

Train  of  n  boats  descending,  empty, «  L  —  n  B  1  ^«.»«« 

M,.:. («-i)L-»Bj-«"p'y- 

Train  of  n  boats  ascending,      empty  or  full,...  »  L  +  n  B         full 

Two    trains,    each    of  n) 

boats,  the  first  descend- >■     full, (2  n  —  1)  L        full. 

ing,  the  second  ascending,^ 

FuGHT  OF  m  LocssL                Locks  fbimd.         Water  discharged.   Locks  lefl« 
One  boat  descending, empty, L  —  B>        emntv 


?»  ♦». 


One  boat  ascending, empty, «iL  +  B^       ^.j.    . 

If             II        follf L  +  B) 

2  ft  boats^  descending  and)  descending  full, )  «  n  L         /descending  empty. 

ascending  alternately,  j*  ascending  empty  j  (ascending  full. 

Train  of  AMatadescendiing,  empty, »L  —  n  B    >     emntv 

Train  of  n  boats  ascending,     empty, (m+»  —  1)  L +n  B  )  /•  ii 

„  „  M  M «L  +  fiB         f"^ 

Two  trains,    each   of  n) 

boats,  the  first  descend-  y     foil, (m  +  2  n  —  2)  L     foil. 

ing,  the  second  ascending,^ 

From  these  calculations  it  appears,  as  has  been  already  stated, 
that  single  locks  are  more  favourable  to  economy  of  water  than 
flights  of  locks;  that  at  a  single  lock  single  boats  ascending  and 
descending  alternately  cause  less  expenditure  of  water  than  equal 
numbers  of  boats  in  trains;  and  that,  on  the  other  hand,  at  a  flight 
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of  locks,  boats  in  trains  cause  less  expenditure  of  water  than  eqnsl 
numbers  of  boats  asoendiug  and  descending  alternately. 

For  this  reason,  when  a  long  flight  of  locks  is  unaToidaUc,  it 
is  usual  to  make  it  double;  that  is,  to  have  two  similar  flights  ade 
by  side — using  one  exclusively  for  ascending  boats  and  the  othff 
exclusively  for  descending  boats. 

Water  may  be  saved  at  flights  of  locks  by  the  aid  of  side  pondi 
(sometimes  called  "  lateral  reservoirs").  The  use  of  a  side  pond  is 
to  keep  for  future  use  a  certain  portion  of  the  water  discharged 
from  a  lock,  when  the  locks  below  it  in  the  flight  are  full,  which 
water  would  otherwise  be  wholly  discharged  into  the  lower  reach. 
Let  a  be  the  horizontal  area  of  a  lock-chamber,  A  that  of  its  aidB 
I)ond;  then  the  volume  of  water  so  saved  is — 

L  A  -s-  (A  +  a). 

Section  IL— Q/"  River  Navigation^ 

509.  An  OpcB  Rirer  is  one  in  which  the  water  is  left  to  take  a 
continuous  declivity,  being  uninterrupted  by  weirs.  On  the  sub- 
ject of  such  streams  little  has  here  to  be  added  to  what  has  already 
been  stated  in  articles  467  to  471,  pp.  707  to  713,  The  towing- 
path  required,  if  horse  haulage  is  to  be  employed,  is  similar  to  that 
of  a  canal. 

The  eflect  of  the  current  of  the  stream  on  the  load  which  (me 
horse  is  able  to  draw  against  it  at  a  walk  may  be  roughly  estimated 
as  follows ; — 

«^ — ) » 

V  being  the  velocity  of  the  current  in  feet  per  second. 

It  would  be  foreign  to  the  subject  of  this  work  to  discuss  the 
principles  of  the  propulsion  of  vessels  by  steam  and  sails. 

510.  A  Caaaiimcd  Birer  is  one  in  which  a  scries  of  ponds  or 
reaches,  with  a  greater  depth  of  water  and  a  slower  cuirent  than 
the  river  in  its  natural  state,  have  been  produced  by  means  of 
weirs.  The  construction  and  effect  of  weirs  have  been  expUiued 
in  Article  472,  p.  713,  and  the  previous  articles  there  referred  to. 

Each  weir  on  a  navigable  river  requires  to  be  traversed  hj  a 
lock  for  the  passage  of  vessels,  the  most  convenient  place  for  whx^ 
is  usually  near  one  end  of  the  weir,  next  the  bank  where  the 
towing-path  i&  Biver  locks  differ  from  canal  locks  in  having  no 
lift- wall,  so  that  the  head-gates  and  tail-gates  are  of  equal  hei^t 

511.  JHoToabie  BrMgcs  mrer  Riyen  are  identical  in  pdnof^ 
with  those  over  canals,  and  differ  from  them  only  in  being  ^ 
greater  size.  Examples  of  them  have  already  been  dted  ia 
Article  505,  p.  745, 
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CHAPTER  IT. 

OF  TIDAL  AND  COAST  WORK& 

Section  I. — Of  Waves  and  Tides. 

512,  nation  of  Ordinary  Wares. — The  following  description  of 
urave-motion  in  water  is  founded  chiefly  on  the  theoretical  investi- 
gations of  Mr.  Airy  and  others,  and  the  observations  of  the  Messrs. 
Weber  and  of  Mr.  Scott  Russell,  with  a  few  additions  founded  ou 
later  researches. 

Rolling  waves  in  water  are  propagated  horizontally  j  the  motion 
of  each  particle  takes  place  in  a  vertical  plane,  parallel  to  the 
direction  of  propagation; 

the  path  or  orbit  described  ^  a    ^ 

by  each  particle  is  approxi- 
mately  elliptic  (see  fig. 
293),  and  in  water  of  uni- 
form depth  the  longer  axis 
of  tli  elliptic  orbit  is  hori- 
zontal, and  the  shorter 
vertical;  the  centre  of  that 

orbit  lies  a  little  above  the  Tig.  298. 

position  that  the  particle 

occupies  when  the  water  is  undisturbed ;  when  at  the  top  of  its 
orbit,  the  particle  moves  forwards  as  regards  the  direction  of  pro- 
pagation; when  at  the  l)ottom,  backwards,  as  shown  by  the 
curved  arrows  in  fig.  293,  in  which  the  straight  feathered  arrow 
denotes  the  direction  of  propagation. 

The  particles  at  the  surface  of  the  water  describe  the  lai^gest 
orbits ;  the  extent  of  the  motion,  both  horizontally  and  vertically, 
diminishes  as  the  depth  below  the  surface  increases ;  but  that  of  the 
vertical  motion  more  rapidly  than  that  of  the  horizontal  motion,  so 
xhat  the  deeper  a  particle  is  situated  the  more  flattened  is  its  orbit^ 
as  indicated  at  A,  B,  and  0;  a  particle  in  contact  with  the  bottom 
moves  backwards  and  forwards  in  a  horizontal  straight  line,  iis  at  D. 
In  water  that  is  deep,  as  compared  with  the  length  of  a  wave  (or 
distance  between  two  successive  ridges  on  the  surface  of  the  water)^ 
the  orbits  of  the  particles  are  nearly  circular^  and  the  motion  at 
^eat  depths  is  insensible. 

So 
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The  period  of  a  wave  is  the  time  occupied  by  each  particle  in 
making  one  reyolution,  and  is  also  the  time  occupied  by  a  waTe  in 
tcavelling  a  distance  equal  to  its  length.  Hence  we  have  the  fol- 
lowing proportion : — 

mean  speed  of  a  particle    circumfeiience  of  particle's  orbit 
speed  of  the  waves      ~  length  of  a  wave 

The  speed  of  the  waves  depends  principally  on  their  length  and  on 
the  depth  of  water,  being  greatest  for  long  waves  and  deep  water. 
When  the  depth  of  water  is  greater  than  the  length  of  a  wave  the 
speed  is  not  sensibly  affected  by  the  depth,  and  is  almost  exadk 
equal  to  the  velocity  acquired  by  a  body  in  falling  through  half  0} 
the  radius  of  a  cirde  whose  circumference  is  the  length  of  a  tome 
In  water  that  is  very  shallow,  compared  with  the  length  of  the 
waves,  the  velocity  is  nearly  independent  of  the  length,  and  is 
nearly  equal  to  that  acquired  by  a  heavy  body  in  falling  through 
half  the  depth  of  Hie  uxUer  added  to  three-fourths  of  the  height  of* 
wave. 

Two  or  more  different  series  of  waves  moving  in  the  same,  differ- 
ent, and  contrary  directions,  with  equal  or  unequal  speeds,  maj 
travei^se  the  same  mass  of  water  at  the  same  time,  and  the  motkn 
of  each  particle  of  water  will  be  the  resultant  of  the  respectiiv 
motions  which  the  several  series  of  waves  would  have  impreaaed 
upon  it  had  they  acted  separately.  This  is  called  the  igUeifirmBS 
of  waves. 

When  a  series  of  waves  advances  into  water  gradually  beooming 
shallower,  their  periods  remain  unchanged,  but  their  speedy  and 
consequently  their  length,  diminishes,  and  their  slopes  become 
steeper.     The  orbits  of  the  particles  of  water  become  distorted,  as 


Fig.  294. 

at  B,  0,  D,  fig.  294,  in  such  a  manner  that  the  front  of  each  vs^ 
gradually  becomes  steeper  than  the  back;  the  crest,  as  it  wv^ 
advancing  fetster  than  the  trough.  At  length  the  front  of  ti» 
wave  curls  over  beyond  the  yertioal,  its  crest  £Edls  forwaid,  and  ik 
hreaks  into  surf  on  the  beach. 

As  the  eneigy  of  the  motion  of  a  given  wave  whidi 
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into  shallowing  water^  or  up  a  narrowing  inlet,  is  successively  com- 
municated to  smaller  and  smaller  masses  of  water,  there  is  a 
tendency  to  throw  those  masses  into  more  and  more  violent  agita- 
tion :  that  tendency  may  either  take  effect,  or  it  may  be  counter- 
acted, or  more  than  counteracted,  by  the  loss  of  energy  which  takes 
place  through  the  production  of  eddies  and  surge  at  sudden  changes 
of  depth,  and  through  friction  on  the  bottom. 

When  waves  roll  straight  against  a  vertical  wall,  as  in  fig.  295, 
they  are  reflected,  and  the  particles  of  water  for  a  certain  distance 
in  front  of  the  wall  have  motions  compounded  of  those  due  to  the 
direct  and  to  the  reflected  waves. 
The  results  are  of  the  following 
kind : — ^The  particles  in  contact  with 
the  wall,  as  at  A,  move  up  and  down 
through  a  height  equal  to  double  the 
original  height  of  the  waves,  and  so 
also  do  those  at  half  a  wave  length 
from  the  waU,  as  at  C;  the  particles 
at  a  quarter  of  a  wave  length  from 
the  wall,  as  at  B,  move  backwards  and  forwards  horizontally,  and 
intermediate  pai'ticles  oscillate  in  lines  inclined  at  various  angles. 

In  order  that  a  surface  may  reflect  the  waves,  it  is  not  essential 
that  it  should  be  exactly  vertical ;  according  to  Mr.  Scott  Bussell, 
it  will  do  so  even  with  a  batter  of  45°. 

A  vertical  or  steep  surface  which  is  wholly  covered  by  the  water 
reflects  the  wave-motion  of  those  layers  of  water  which  lie  below 
its  level,  and  thus  a  sunken  rock  or  breakwater,  even  though 
covered  with  water  to  a  considerable  depth,  causes  the  sea  to  break 
over  it,  and  so  diminishes  the  enersy  of  the  advancing  waves. 

The  greatest  length  of  waves  in  the  ocean  is  estimated  at  aboutl 
560  feet,  which  corresponds  to  a  speed  of  about  53  feet  per  second, 
and  a  period  of  about  1 1  seconds.  Their  greatest  height  is  given  by 
Scoresby  as  about  43  feet,  and  this,  with  the  period  just  stated; 
gives  12  feet  per  second  as  the  velocity  of  revolution  of  the  particles 
of  water.     (See  p.  766.) 

In  smaller  seas  the  waves  are  both  lower  and  shorter,  and  less 
Bwifb;  and,  according  to  Mr.  Scott  Hussell,  waves  in  an  expanse  of 
shallow  water  of  nearly  uniform  depth  never  exceed  in  height  the 
tmdisturbed  depth  of  the  water.  But  the  concentration  of  energy 
upon  small  masses  of  water,  which  occurs  on  shelving  coasts  in  the 
manner  already  stated,  produces  waves  of  heights  gi-eatly  exceed- 
ing those  which  occur  in  water  of  uniform  depth,  as  the  following 
examples  show. 

Pressures  of  waves  against  a  vertical  surface,  at  Skenyvora  9A 
observed  by  Mr.  Thomas  Stevenson : — 
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Sammer 

Winter 

^(i^kVIHA 

average. 

average. 

0U#i  IIIB 

In  lbs.  per  square  foot,  ,. 

....  6ll 

2086 

6083 

In  feet  of  water, 

....    9'8 

33 

97 

Greatest  height  of  breakers  on  the  south-west  coast  of  Ireland, 
as  observed  by  the  Earl  of  Dunraven,  150  feet 

Becent  investigations  tend  towards  the  conclusion,  which  is  in 
accordance  with  observation,  that  every  wave  is  moi^e  or  less  a 
^  wave  of  translation/'  setting  down  each  particle  of  water,  or  of 
matter  suspended  in  water,  a  little  in  advance  of  where  it  picked 
that  particle  up,  and  thus  by  degrees  producing  that  heaping  up 
of  water  which  gathers  on  a  lee  shore  during  a  storm.  This 
property  of  waves  accounts  for  the  facts,  that  although  they 
tend  to  undermine  and  demolish  steep  clifis,  they  heap  up  sand, 
gravel,  shingle,  or  such  materials  as  they  are  able  to  sweep 
along,  upon  every  flat  or  sloping  beach  against  which  they  directly 
roll;  that  they  carry  such  materials  into  bays  and  estuaries ;  and 
that  when  they  advance  obliquely  along  the  coast  they  make  the 
materials  of  the  beach  travel  along  the  coast  in  the  same  direction. 
(See  p.  602.) 

513.  TMca  !■  OeacrnL — The  general  motion  of  the  tides  consists 
In  an  alternate  vertical  rise  and  fall,  and  horizontal  ebb  and  flow, 
ooenpyingan  average  period  of  half  a  lunar  day,  or  about  12*4  hours, 
and  transmitted  from  place  to  place  in  the  seas  like  a  series  of  very 
long  and  swift  waves,  in  which  the  extent  of  the  horizontal  motion 
is  very  much  greater  than  that  of  the  vertical  motion.  The  extent 
of  motion,  both  vertical  and  horizontal,  undergoes  variations  be- 
tween spring  and  neap,  whose  period  is  half  a  lunation,  and  other 
Tariations  whose  periods  are  a  whole  lunation  and  half-a-year. 
The  propagation  of  the  tide-waves  is  both  retarded  and  deflected 
in  gradually  shallowing  water,  the  crests  of  the  waves  having  a 
tendency  to  become  parallel  to  the  line  of  coast  which  they  are 
approaching. 

Tides  in  narrow  seas,  and  in  the  neighbourhood  of  land  generally, 
are  modified  by  the  interference  of  different  series  of  waves  arriving 
by  diflerent  routes,  so  as  sometimes  to  present  very  complex  pheno- 
mena. (See  Mr.  Airy's  treatise  "  On  Tides  and  Waves,"  in  the 
EncydopcBdia  Metropolitana,)  In  the  following  examples  simple 
cases  only  are  described. 

514.  Tidal  Warca  in  m  CUmw  and  1>eep  ClMnnel  are  analogous  tO 
ofrdinary  waves,  as  represented  in  fig.  293,  p.  753;  but  with  the 
modification  that,  owing  to  the  enormous  length  of  the  waves  as 
compared  with  the  depth  of  the  sea,  the  extent  of  horizontal  moti<m 
is  nearly  equal  at  all  depths,  and  the  extent  of  vertical  motion  in 
any  layer  is  neai-ly  in  the  simple  proportion  of  its  height  above 
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the  bottom.     The  orbit  of  each  particle  is  a  very  loiig  and  flat 
ellipse. 

Supposing  such  a  channel  as  that  here  considered  to  have  a  beach, 
of  moderately  steep  slope  at  one  side,  the  depth  being  elsewhere 
uniform,  the  particles  near  that  beach  move  in  ellipses  situated  in 
planes  inclined  so  as  to  be  nearly  parallel  to  the  beaeh,  as  repre- 
sented in  plan  in  iigs.  296  and  297.     In  each  of  these  figures  the 


beach  is  supposed  to  be  towards  the  top  of  the  page;  in  fig.  296 
it  lies  to  the  right  hand  of  the  direction  of  advance  of  the  tide  wave 
(represented  by  the  feathered  arrow) ;  in  fig.  297,  to  the  left  of 
that  direction.  The  following  are  the  motions  of  a  particle  at  dif- 
ferent times  of  the  tide: — 

Lunar  Time  Reference 

Honrs  after  oomnionly  Carrent  to  the 

Ulgli-water.  called.  Figures 

o    High-water, Forward, A 

l4  Quarter  Ebb, Forward  and  Seaward, B 

3    Half  Ebb, Seaward, C 

4(  Tbree-qoarters  Ebb, Dackward  and  Seaward, D 

6    Low-water, Backward, B 

7i  Quarter  Flood, Backward  and  Shoreward, F 

9     Half  Flood, Shoreward, G 

lo4  Thrpe-qnartera  Flood, Forward  and  Shoreward, H 

12    High-water, Forward, A 

515.  Tlie  TMe  In  n  Short  iniof*  or  in  any  bay,  gulf,  or  estuary  of 
such  dimensions  and  ligure  that  high  and  low-water  occur  in  all  ^; 

parts  of  it  sensibly  at  the  same  instant,  is  somewhat  analogous  to  a 
wave  nsing  and  idling  against  a  steep  wall  (6g.  295,  p.  755),  or 
to  the  emptying  and  filling  of  a  reservoir.  Each  particle  of  water 
mores  alternately  outwards  and  inwards  during  the  fall  and  rise  of 
the   tide  respectivelyj  and  the  current  is  swifter  and  stronger  * 

when  the  depth  of  water  is  greater,  that  is,  during  the  second  half 
qfjiood  and  the  first  Iwlfof  ebb. 

Supposing  that  the  entrance  to  such  an  inlet  runs  at  right  an^^es 
to  the  line  of  coast  described  in  the  preceding  article,  the  combina- 
tion of  the  tidal  currents  of  the  inlet  with  those  of  the  offiqg,  or 
sea  outside,  produces  the  results,  as  regards  the  currents  at  the 
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entrance,  indicated  by  the  arrows  marked  b^  c,  d,/,  g,  h,  in  figs. 
296  and  297  (whose  lengths  denote  the  strength  of  the  carreDt), 
and  explained  in  the  following  table,  in  which  outward  and 
inwcMrd  refer  to  the  entrance  of  the  inlet,  and  Jbrwards  and  badt^ 
Vfards  to  the  directions  of  currents  as  compared  with  that  of  the 
flood-current  along  the  coast: — 

T  TT  Time  BBBtXtBtb 


First  half 
of  Ebb. 


(  o    High-water, 0  (Slack-water), —.»..«•••  — 

<  li  Quarter  Ebb, Outward,  taming  forwaid,^...    ^{c*,^, 

(3    HalfEbb, Outward, ci*'*'^^ 

Second  half  /  44  Thred-qaarters  Ebb,  Outward,  tomiog  badiward,.^    d   Weik. 
of  Ebb.     \  6    Low-water, 0  (Slack-water),. 


ilisthalf    (  7i  Quarter  Flood, Backward,  turning  inward,....  /  WeiL 

/^  - 

of  Rood.    \i2    High-water, 0  (Slack-water), 


of  Flood.     (9    Half  Flood, Inward, ^Jsimbe. 

Second  half  JioJ  Three-quarters  Flood  Forward,  taming  inward, k  \  *'°^*»' 


The  letter  J  in  each  figure  marks  the  up-stream  comer  of  iJis 
entrance  as  regards  the  flood-current  along  the  coast. 

The  volume  of  vxUer  which  flows  alternately  in  and  out  at  the 
entrance  of  a  short  inlet  is  nearly  equal  to  the  space  between  tlw 
surfaces  of  high  and  low-water,  as  ascertained  by  levelling  and 
tide-gauges.  The  mean  velocity  of  the  current  through  the  entranoe 
is  nearly  equal  to  that  volume  divided  by  the  mean  sectional  area 
of  the  entrance,  and  by  the  time  of  rise  or  fisdl;  and  the  greaUd 
velocity  is  nearly  equal  to  1*57  x  mean  velocity.  It  is  best  to  use 
such  calculations  only  for  the  purpose  of  computing  the  probaWe 
eflect  of  alterations.  The  velocities  of  actual  currents  should  be 
found  by  observation. 

516.  The  Tides  im  i«on|[  laieta  are  compounded  of  a  simple 
emptying  and  filling  current  like  that  in  a  short  inlet,  and  a  series 
of  branch  tidal  waves,  propagated  up  the  channel  from  the  wares 
of  the  offiDg.  In  river-channels  the  alternate  currents  due  to  tltf 
tides  are  combined  with  the  downward  current  due  to  the  fioY  cf 
fresh  water. 

The  tidal  wave  which  is  propagated  up  a  long  inlet  or  Txvc^ 
channel  is  analogous  to  those  represented  as  advancing  into  abalbv 
water  in  ^g.  294,  p.  754.  It  diminishes  in  length  and  increases  ii 
height  until  it  reaches  a  limit  where  its  further  increase  in  height  e 
8to])ped  by  friction.  Its  front  becomes  shorter  and  steeper,  and  ia 
back  longer  and  flatter;  in  other  words,  the  rise  of  tide  occupies  a 
shorter  time,  and  the  fall  a  longer  time,  as  the  wave  advacoes  v^ 
the  channel.  When  a  high  tidal  wave  advances  into  very  sfaallov 
water,  its  front  sometimes  shortens  and  stee])ens,  until  at  lengtli  i« 
curls  over,  like  the  breaker  D  in  fig.  294,  and  continues  to  adi^iBoi 
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lolling  and  breaking  into  snrf,  foUoi^ed  by  a  Yery  long  fiat  back. 
The  tidal  irave  is  tben  called  a  *'  bore,**  The  back  of  the  wave 
sometimes  breaks  up  into  two  or  three  smaller  waves,  and  then  the 
&11  of  the  tide  is  interrupted  by  short  intervals  of  rise. 

To  estimate  by  calculation  the  velocity  of  the  flood  and  ebb- 
currents  at  a  given  cross-section  of  a  river-channel  or  other  long 
inlet^  two  longitudinal  sections  of  the  surface  of  the  water  must  be 
ptrepared  from  two  sets  of  simultaneous  tide-gauge  observationsy 
made  Ht  a  series  of  stations  along  the  channel  and  above  that 
cxosB-section,  tU  the  two  instamia  of  slack-wcUer  at  the  given  oroBs- 
section  respectively.  The  volume  contained  between  the  two  sur- 
laces  thus  determined  will  be  the  volume  of  tidal  water  which  runs 
In  and  out  through  the  given  cross-section;  and  this,  being  divided 
by  the  duration  of  flood  and  ebb  respectivdy,  and  by  the  area,  will 
give  the  probable  mean  velocities  of  the  currents,  which,  being 
multiplied  by  1  '57,  will  give,  appit)ximately,  the  probable  maximum 
velocitiea  The  velocity  due  to  the  fresh-water  stream,  if  any, 
is  to  be  subtracted  from  the  flood  and  added  to  the  ebb.  (See  the 
remark  at  the  end  of  the  preceding  article.) 

The  tidal  waves  in  rivers  are  propagated  up  the  decUvity  of  the 
stream,  which  they  often  affect  at  points  above  the  level  of  high 
water  in  the  sea. 

«517.  ActlOBS  mf  Tides    •■   €miM»   and    Cbaancto. — ^The    flowing 

tide  augments,  and  the  ebbing  tide  diminishes,  the  speed  and 
force  of  storm  waves;  and  hence  the  observed  fact,  that  the  most 
powerful  action  of  such  waves  on  the  coast  occurs  after  half- 
flood,  when  the  shoreward  current  is  strong.  The  tidal  currents 
sweep  along  with  them  silt  or  mud,  sand,  gravel,  and  other 
materials,  according  to  the  laws  already  stated  with  reference  to 
river  currents  (Article  468,  p.  708);  hence  the  ebbing  tide  tends  to 
scour  and  deepen  inlets,  and  the  flowing  tide  to  silt  them  up. 
'From  what  has  been  explained  in  the  preceding  article,  it 
appears  that  in  shallow  water  there  is  a  tendency  for  the  flow- 
ing tide  to  become  more  rapid,  and  therefore  stronger  in  its  action, 
than  the  ebbing  tide,  unless  opposed  by  a  suS&ciently  strong 
fresh- water  cun*ent;  and  hence  the  prevailing  tendency  of  the  tides, 
like  that  of  the  waves,  is  to  choke  and  fill  up  estuaries,  river- 
channels,  and  other  inlets,  especially  such  as  are  already  shallow. 

A  Z.g  fresh-^ter'^nt  Lyxnaintein  a  dLp  channel 
against  this  action  of  the  sea,  so  far  as  it  is  limited  in  breadth; 
but  where  that  current  escapes  into  the  open  sea,  and  is  either 
enfeebled  by  spreading  latersdly,  or  has  its  action  on  the  bottom 
prevented  by  fioating  on  the  sfdt  water,  a  bar  is  formed  by  the 
action  of  the  waves  and  tides. 

One  of  the  chief  objects  of  harbour  engineeidng  is  so  to  manago 
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and  modify  the  action  of  the  tidal  currents  that  the  ebb  shaU 
become  stronger  than  the  flood,  and  shall  soonr  deep  channeb  and 
remove  bars.  (See  p.  766.) 

SscnoK  n. — 0/  Sea  Defences. 

518.  GrwiBs,  running  out  at  right  angles  to  the  coast,  are  con- 
fltmcted  in  the  same  manner  -with  groins  for  riTeivbanka,  hat 
more  strougly.  (Article  4G9,  p  711.)  They  not  only  intermpt  the 
iraoeUing  of  the  materials  of  the  besu^h  along  the  idiore  under  the 
influence  of  oblique  "waves  and  of  the  flowing  tide,  but  they  also 
cause  a  permanent  deposit  of  such  materials,  and,  if  gradoally 
extended  seaward  in  shallow  water,  produce  a  gain  of  ground  from 
the  sea.  After  the  spaces  between  the  groins  have  been  fiUed  up^ 
the  travelling  of  shingle  goes  on  past  their  ends  as  before^ 

Groins  are  amongst  the  most  efficient  means  of  protecting  djkei^ 
eUffis,  and  sea-walls,  against  the  undermining  action  of  the  sea. 

519.  An  BarchcH  Dyke  has  usually  a  long  flat  slope  towards  the 
aea,  its  inclination  ranging  from  that  of  3  to  1  to  that  of  12  to  1. 
The  top  is  level,  and  usually  has  a  roadway  upon  it :  its  avengs 
usual  height  above  high-water-mark  of  spring  tides,  is  about  6 
feet;  it  should,  if  possible,  be  above  the  reach  of  the  waves.  The 
back  slope  has  an  inclination  ranging  from  that  of  1^  to  I  to  that  of 
3  to  1.  Behind  the  dyke  is  a  back  drain,  or  dit^ch,  for  the  drainage 
of  the  land,  constructed  on  the  same  principles  with  the  back  dnint 
mentioned  in  Article  483,  p  727,  and  Article  484,  p.  728. 

In  the  heart  of  the  dyke  is  a  rectangular  wall  of  fiiscines,  con- 
structed like  the  fascine-work  of  a  river-bank.  (Article  469,  p  7 10.) 
The  fascines  may  be  made  of  willow  twigs  or  of  reeds.  The  sea- 
ward slope  is  faced  with  fascines.  If  the  top  is  above  the  readi  of 
the  waves  the  back  slope  may  be  turfed;  if  waves  sometimes  break 
over  it,  the  top  and  back  require  stone  pitching. 

520.  8t«Me  Balwarka  withstand  the  waves  best  when  either  voy 
flat  or  very  steep.  They  are  of  two  principal  kinds — ^those  with  a 
long  slope,  on  which  the  waves  break,  as  in  fig.  294,  p.  754,  and 
those  with  a  steep  face,  which  reflect  the  waves  as  in  fig.  29j^ 
p.  755. 

I.  Long-doping  Bidtoarka  have  an  inclination  which  ranges  fron 
3  to  1  to  7  to  1.  They  are  made  internally  of  earth  and  gimTd, 
or  of  loose  stones,  according  to  the  situation,  and  are  fiftced  with 
blocks,  each  of  which  should  be  able  to  withstand  independentlr 
the  lifting  action  of  the  wavea  As  to  this,  see  Article  412,  p  6I& 
The  foot  or  "  toe"  of  the  slope  may  be  slightly  tumed  np,  like  that 
of  a  weir,  to  prevent  the  undermining  action  of  the  returning; 
current,  or  "  undertow "  from  the  breakers.  (See  Article  47^ 
p.  713.)  ^ 
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To  prevent  breakers  or  spray  from  gliding  np  to  the  top  of  the 
dope,  and  dashing  over  the  summit  of  the  btdwark,  the  top  of  the 
slope  is  sometimes  curved  upwards,  so  as  to  present  a  concave  face 
to  the  waves ;  but  this  is  sometimes  liable  to  be  knocked  down  by 
the  shocks  which  it  receives;  and  in  that  case  it  ia  best  to  carry  up 
the  slope  in  one  plane,  with  a  level  berm  or  bench  at  the  top  of  i^ 
paved  with  large  blocks,  and  on  that  berm  to  erect  a  strong  parapet, 
set  so  far  back  that  its  cope  is  below  the  plane  of  the  slope.  A 
series  of  level  berms,  alternating  with  flat  slopes  of  the  same 
length  with  the  berms,  or  thereabouts,  are  very  effective  in  break- 
ing the  waves  and  exhausting  their  energy;  the  blocks  at  the 
edges  of  the  berms  must  bo  larger  than  the  rest 

The  largest  blocks  in  the  facing  of  the  slope  should  be  at  and 
near  half-tide  level,  because  the  waves  are  laigest  at  half-flood. 

When  a  sloping  bulwark  stands  in  deep  water,  the  part  below 
low-water-mai*k  may  have  a  steeper  slope  than  that  above,  as 
being  less  violently  acted  upon  by  the  waves :  for  example,  from 
1  to  1  to  3  to  I  below,  and  from  4  to  1  to  7  to  1  above.  The 
waves  will  partially  break  and  lose  their  energy  in  passing  over  the 
place  where  the  inclination  changes. 

IL  A  Steep-faced  Bulwark  or  Sea-  WaU  should  be  proportioned 
like  a  reservoir  wall.  (See  Article  465,  p.  707.)  As  to  the  manner 
in  which  it  reflects  the  waves,  see  Article  512,  p.  755.  Its  cope 
ahonld  either  rise  above  the  crests  of  the  highest  waves,  augmented 
as  they  are  in  height  by  the  reflection,  or,  should  that  be  impracti- 
cable, that  cope  should  be  made  of  stones,  each  largo  enough  to 
resist  being  lifted  by  the  pressure  due  to  the  greatest  height  of  a 
wave  above  its  bed,  and  dowelled  to  the  adjoining  cope-stones. 
The  front  edge  of  the  cope  should  not  project  beyond  tho  face  of 
the  wall,  lest  the  waves  overturn  it  The  remainder  of  \he  wall 
may  have  a  hammer-dressed  ashlar  or  a  block-in- course  face,  backed 
with  coursed  rubble  or  with  strong  concrete,  the  whole  built  in 
strong  hydraulic  mortar,  and  the  outer  edges  of  the  joints  laid  in 
cement  (Article  248,  p.  389.)  The  chief  danger  to  the  face  of  such 
a  wall  is  that  air  and  water  should  penetrate  the  joints,  and,  by 
their  pressure  and  elasticity,  cause  stones  to  jump  out  after  receiving 
the  blow  of  a  wave. 

The  undermining  action  of  the  waves  on  the  ground  at  the  foot 
of  a  steep  wall  is  very  severe,  and  should  be  resisted  by  a  flat  stone 
pitching  (which  should  have  no  bond  or  connection  with  the  wall), 
and  by  a  series  of  groins.  The  undermining  action  may  be  some 
what  moderated  by  forming  the  face  of  the  wall  into  steps,  so  as  to 
interrupt  the  vertical  descent  of  the  water. 

There  are  good  grounds  for  believing  it  to  be  advantageous  to 
tniild  sea-walls  in  courses  of  stones  which  stand  nearly  on  edge, 
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instead  of  lying  horizontal,  in  order  that  each  stone  may  always  be 
loaded  with  the  whole  weight  of  those  directly  above  it 

When  there  is  an  eartlien  embankment  bdiind  a  sea  wall,  it 
should  have  a  retaining  wall  at  the  landward  side  also,  to  prevent 
the  earth  from  being  washed  away  by  water  which  may  oolleci  on 
the  top. 

IIL  Combined  Wall, — ^Aa  the  expense  of  erecting  a  steep  or 
vertical  wall  in  deep  water  is  veiy  great^  it  is  sometimes  combined 
in  such  situations  with  a  long  dope,  in  the  following  manner:— 
From  the  bottom  up  to  near  low-water-mark  extends  a  slope  of 
2  to  1  or  3  to  1,  terminating  in  a  long  level  or  nearly  level  hen^ 
or  ^^foresluyre  ;^  and  on  that  berm,  as  on  a  beach  in  shallow  water, 
is  buUt  a  steep  wall,  at  a  distance  back  from  the  edge  of  the 
slope  equal  to  twice  or  thrice  the  length  of  the  slopa 

521.  A  Breakwater,  being  placed  so  as  to  defend  a  harbour  or 
roadstead  from  the  waves,  differs  &om  a  bulwark  by  having  sea 
at  both  sides  of  it.  The  site  of  a  breakwater  ^ould  be  so 
chosen  as  to  present  a  barrier  to  the  waves  of  the  prevailing 
atorms,  and  especially  to  those  which  come  along  with  the  flood- 
current.  It  may  be  isolated,  and  in  the  midst  of  the  entrance 
of  a  bay,  as  at  Plymouth  and  Cherbourg,  or  it  may  run  oat 
from  the  shore  into  deep  water.  In  the  latter  case,  the  best 
position  for  the  junction  of  a  single  breakwater  with  the  land 
is  in  general  at  the  ujhsiream  comer  of  the  entrance  to  the  inlet  or 
harbour  (see  Article  515,  p.  758),  for  in  that  position  it  oppoeeBthe 
strongest  flood-Kiurrent,  and  does  not  interfere  with  the  strongest 
ebb-current.  The  principles  of  the  construction  of  the  front  of  a 
breakwater  are  the  same  with  those  described  in  the  preceding 
article  with  reference  to  bulwarks  in  deep  water.  The  back  cf 
a  vertical-fronted  breakwater  is  usually  vertical  also;  that  of  a 
sloping  or  combined  breakwater,  if  intended  to  be  used  as  a  quay, 
is  vertical;  in  other  cases  it  differs  from  the  front  only  in  having  a 
ateeper  slope  (from  1  to  1  to  1^  to  1)  and  being  &oed  with  smalkr 
blocks.  ,As  to  embanking  and  building  under  water,  see  Aitiele 
412,  p.  617.  When  a  stage  supported  on  screw  piles  is  used  to  t^ 
the  stones  from,  those  piles  remain  imbedded  in  the  breakwater 
Their  diameter  should  be  about  -^^th  of  their  height,  so  thai* 
in  very  deep  water,  they  may  require  to  be  built  of  several  balks  of 
timber  hooped  together,  as  at  Portland. 

Fig.  298  is  a  section  of  the  Cherbourg  breakwater,  whidi  oos- 
bines  the  long  slope  and  vertical  face.  The  base  A  E  is  aboiii  W 
feet;  the  slope  A B  is  2  ^  to  1;  B  C  is  5^  to  1;  E  F,  1  to  1;  CD 
is  a  nearly  level  platform,  on  which  stands  the  wall  G,  36  to 
thick  at  its  base.  Ordinary  spring  tides  rise  19  feet,  the  dqnii 
at  low-water  being  40  feet 
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Eig.  299,  a  section  of  the  Plymouth  breakwater,  illustrates  the 


Fig.  298. 

(ninciple  of  alternate  slopes  and  berma     ABisStol,  BC  leveL 
CD  5  to  1,  DE  level,  EF  1^  to  1. 


Fig.  299. 

(As  to  breakwaters,  and  sea  defences  generally,  may  be  consulted 
the  works  of  Smeaton  and  Telford,  Sir  John  Eennie's  works  On  the 
FlynunUh  BreaJnoater  and  On  Harbours,  the  Proceedings  of  the 
InstitiUion  of  Civil  Engineers  since  the  commencement,  and  Mr. 
Bumell's  Trecd^ise  on  Marine  Engineering.)    (See  also  pp.7  66,  793.) 

522.  Brcicimiag  liRud. — The  process  of  reclaiming  or  gaining 
land  from  the  sea  is  to  be  undertebken  with  great  caution,  especially 
in  river-channels  and  estuaries,  lest  it  should  diminish  the  tidal 
Bcour,  and  so  cause  the  silting  up  of  channels  and  harbours;  and, 
in  particular,  care  should  be  taken  that  the  space  for  tidal  water 
which  is  to  be  lost  through  the  reclaiming  of  the  land,  is  exactly 
made  up  for  by  deepening  or  otherwise  improving  other  parts  of 
the  estuary  or  channel.  In  every  instance  in  which  that  pre- 
caution has  been  neglected,  the  damage,  and  in  some  cases  the 
ruin,  of  the  harbour  has  followed.  (See  Reports  ofUve  Tidal  Har- 
bours Commissum,) 

The  first  operation  in  reclaiming  land  is  usually  to  raise  its  level 
as  much  as  possible  by  warping,  or  deposition  of  sediment  from 
the  tidal  water ;  with  a  view  to  which  the  land  to  be  reclaimed  is 
intersected  by  a  network  of  tittnsverse  wattled  groins,  and  of  longi- 
tudinal dykes  of  the  same  construction. 

The  ground  having  been  raised  as  far  as  practicable  by  warping, 
hi  enclosed  with  sea-dykes,  and  drained  in  the  manner  describ^ 
in  Article  484,  p.  727. 

Section  UL — 0/  Tidal  Clumnels  and  Harbours. 

523.  The    Iiiipir«TCiiiciit   9f  Tidal  Hirers  mmI  Bstaarlcs    depends 

mainly  on  the  strengthening  of  the  ebbing  current,  as  stated  in 
Article  517,  p.  760.     With  that  view,  the  measures  to  be  adopted 
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are  nearly  the  same  with  thoise  already  deaedbedf  tmder  the  hea^  d 
Improvements  of  £ivei>ChaBiieky  Ajrtfcle  470,  p.  711,  with  the 
addition  tiiat  the  ^Mce  which  at  each  tide  is  filled  and  emptied  is 
to  be  kept  as  large  as  possible.  For  the  purpose  of  concentntiog 
the  latter  portions  of  the  ebbing  current  upon  the  deep-wate^ 
channel,  training-dykes  may  be  required.  That  these  may  nofc 
diminish  the  quantity  of  soouring-water,  they  should  rise  but  little, 
if  at  all,  above  low- water -mark  of  ordinary  spring-tides,  their  pcHt* 
tion  being  marked  by  means  of  rows  of  beacons. 

Should  bulwarks  or  quays  be  erected,  they  should  either  be  » 
placed  that  the  area  which  they  cut  off  by  contracting  wide  places 
may  be  compensated  for  by  widening  narrow  places,  or  that  Um 
S|mce  which  they  cut  off  may  be  compensated  for  by  deepening 
that  part  of  the  space  in  front  of  them  which  is  above  low-wate^ 
mark. 

The  most  important  effect  of  making  a  deep,  direct^  and  regular 
channel  for  a  tidal  river  consists  in  the  increase  in  the  extent  of  list 
and  fall  of  the  tide,  and  the  diminution  of  that  steepening  action  of 
a  shallow  channel  on  the  front  of  the  tide-wave  which  has  bees 
described  in  Ai-ticle  516,  p.  758. 

In  order  to  increase  the  depth  over  a  har^  piers  or  breakwateis 
must  be  carried  out  so  as  to  concentrate  the  current  over  it,  and  it 
is  best,  if  possible,  to  make  the  space  between  those  piers  %mden  m- 
wards,  in  oixler  both  to  hold  scourage-water  and  to  serve  as  a  ^  wave- 
ti-ap,"  or  space  for  storm-waves  which  roll  in  at  the  entrance  to 
spread  and  expend  themselves  in.  When  there  is  only  one  pier,  it 
should  run  from  the  up-stream  comer  of  the  entrance,  for  the  reasoa 
explained  in  Article  521,  p.  762,  observing  that  in  deciding  which  is 
the  up-stream  comer,  regard  must  be  had  to  the  flood-current  along 
the  shorSy  in  case,  through  the  action  of  headlands,  its  directum 
should  be  different  from  that  of  the  flood-current  in  the  open 
^ea. 

The  bar  may  thus  be  swept  into  deeper  water,  although  it  is  in 
general  im^xyssible  to  remove  it  altogether. 

524.  A  8conrtac-B«*i«  IS  &  reservoir  by  means  of  which  the  tidil 
water  is  stored  up  to  a  certain  level,  and  let  out  through  sluices,  in 
a  rapid  stream,  for  a  few  minutes  at  low-water,  to  scour  a  cbanitfl 
and  its  biir.  The  outlets  of  the  basin  should  face  as  nearly  as  pos- 
sible dii-ectly  along  the  channel  to  be  scoured ;  they  ahoold  bs 
distributed  throughout  its  whole  cross-section,  that  they  may  pro- 
duce an  uniform  steady  current  in  it  like  a  river,  and  may  not 
concentmte  their  action  on  a  few  spots.  To  carry  away  gravel  uA 
large  shingle,  the  scouring  stream  should  flow  at  4  or  5  feet  per 
second,  and  the  dimensions  of  the  outlets  should  be  r^fulattd 
accordingly.     One  of  the  best  examples  of  such  an  anaogement  is 
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at  the  south  entranoe  of  the  harbour  of  Sunderland^  described  by 
the  engineer,  Mr.  Murray,  in  the  Proceedings  of  Ute  Institution  of 
Civil  Engineers  for  1856.  The  current  is  let  out  for  15  minutes  at 
low- water;  it  runs  at  about  5  feet  per  second,  and  is  sensible  in  the 
sea  2,000  yards  off,  although  it  is  confined  by  piers  for  350  yards 
only. 

525.  ^aays  of  masonry  are  to  be  regarded  as  a  class  of  retaining 
walls,  the  stability  of  which  has  been  treated  of  in  Articles  265  to  ' 
269,  pp.  401  to  408,  and  their  construction  in  Articles  271,  272, 
pp.  409  to  411.  Their  oi-dinary  thickness  at  the  base  is  from  ^  to  A 
of  their  height.  When  founded  on  piles,  the  timber-work  should 
be  always  immersed.  (See  Fart  II.,  Chapter  YI.,  Section  II.,  i). 
601.)  The  face  of  a  stone  quay  is  usually  ]>rotected  against  being 
damaged  by  vessels  by  means  of  a  network  of  npiight  fendei'-piUs 
and  horizontal  yen^<0r-toa/e& 

As  to  timber  and  iron  quays,  see  Article  469,  p.  710,  and  the 
other  articles  there  referred  to. 

The  inner  side  of  a  breakwater  may  form  a  quay,  as  already 
mentioned. 

526.  i»i«n  of  masonry  running  out  into  the  sea  are  to  be  regarded 
as  upright  breakwaters  combined  with  quays,  and  require  hei-e  no 
additional  explanation.  Those  of  timber  and  iron  are  best  formed 
of  a  skeleton  framework,  supported  by  screw-piles.  A  timber 
akeleton-pier  is  ofleu  combined  with  a  loose  stone  breakwater,  in 
which  the  lower  parts  of  the  posts  are  imbedded. 

527.  BasiMs  anil  Decks. — A  deep-uxUer-hosin  is  a  reservoir  sur- 
rounded by  quay-walls,  in  which  the  water  is  retained  when  the 
tide  fiills  below  a  certain  level  (usually  somewhat  above  half-tide) 
by  a  pair  of  lock-gates  opening  inwards,  of  sufiicieut  size  and 
strengtlL  Should  the  entrance  be  exposed  to  waves,  a  pair  of  sea- 
gcUeSj  or  gates  opening  outwards,  are  also  required,  to  be  closed 
daring  storms.  A  deep-water-basin  may  also  be  used  as  a  scouring- 
baain.     (Article  524,  p.  764.) 

A  dock  differs  from  a  basin  in  having  a  lock  at  its  entrance, 
through  which  ships  can  )>ass  in  all  states  of  the  tide.  (As  to 
locks,  see  Article  506,  p.  746.)  A  harbour-lock,  like  a  river-lock, 
baa  no  lift-wall.  In  order  that  vessels  may  jiass  easily  in  and 
out,  the  entrances  of  docks  from  a  river-channel  should  slant 
-up-stream  as  regards  tfie  ebb-current. 

One  of  the  best  forms  of  gate  for  basins  and  docks  is  a  caisson- 
gette,  being  a  water-tight  vessel  of  plate-iron,  which  can  be  floated 
to  or  from  its  seat  in  the  masoniy  of  the  entrance,  being  placed  in 
a  recess  when  open.  When  closed  it  is  sunk  by  loading  it  with 
-wiater,  which  is  run  into  a  tank  on  the  top  of  the  caisson.  In 
order  to  open  it,  it  is  floated  by  emptying  that  tank. 
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It  is  often  convenient,  when  practicable,  to  conduct  a  supply  of 
fresh  water  into  basins   or    docks,    care  being   taken  that  such  '' 

supply  is  pure. 

52S.  l^ichthonacs. — The  principles  which  regulate  the  placing  and 
illuminating  of  lighthouses  form  a  subject  which  can  be  fully  con- 
sidered in  a  special  treatise  only,  such  as  that  by  Mi\  Thomas  ^ 
Stevenson.     When  a  lighthouse  is  exposed  to  the  waves,  it  may  bo 
either  a  round  tower  of  masonry,  built  of  hewn  stones,  dove-tailed, 
tabled,  and  dowelled  to  each  other,  as  described  in  Article  412,  p. 
618,  solid  up  to  the  level  of  higli-wat«r  of  spring  tides,  and  as  much 
higher  as  ordinary  waves  rise,  and  high  enough  in  all  to  keep  the  < 
lantern  clear  of  the  highest  breaking  and  reflected  storm-waves, 
with  an  overhanging  curved  cornice  to  throw  their  crests  back;  or  i 
it  may  consist  of  a  skeleton  frame  of  screw-piles  and  diagonal  brae-             , 
ing,  supporting  a  timber  or  iron  house  and  platform;  and  in  this             I 
case  the  platform  needs  only  to  be  high  enough  to  clear  the  tops  of             ! 
the  natural  unreflected  waves.     On  the  subject  of  the  strength  and             j 
stability  of  frames  supported  on  screw-piles,  see  Article  403,  p.  605.             | 
In  designing  the  frame  of  a  lighthouse  to  be  supported  on  them, 
regard  must  be  had  to  the  pressure  of  the  wind,  whose  greatest 
recorded  intensity,  in  Britain,  is  55  lbs.  per  square  foot  of  a  flat 
surface,  and  about  one-half  of  that  intensity  per  square  foot  of  the 
plane  projection  of  a  cylindrical  surface. 
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Transactions^  184'i,  185a    Eamahaw;  tfr.,  1845.    W.  Froade;  T^ransaeU'ms  9f  the  Institution  of 
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and  Bamea,  On  Shipbuilding,  1804.    Claldl;  Sul  Moto  ondoeo  del  Martt  ISOft.     OaUgny; 
LtoutiUis  Journal,  Jane  and  July,  1866. 

Addbxduic  to  Article  512,  p.  755.-Heigiit  or  Waybb.— The  height  of  the  wares  depends  oa 
what  is  called  the  ''Fetch;*'  that  is,  the  distance  from  the  weather  Bhor^  where  their  ior> 
mation  comraencca  According  to  Mr.  Thomaa  Stevenson,  the  fuUowingr  formnla  is  neariy 
correct  daring  bea>7  galea,  when  the  fetch  is  not  leaa  than  ahoat  six  naotleal  milea:  hcii^t 
in  feet  =  1-6  X  -•  (fetch  in  nantical  miles). 

ADDSMDnK  to  Article  617,  p.  759.— Soouriko  Actioh  of  Tfi>B.<— Aecording  to  Mr,  Thoraas 
Stevenson,  the  sectional  area  of  many  estuaries  at  luw  water  bears  a  nearly  constant  profportion 
to  the  volume  of  water  which  runs  in  and  out  at  each  tide,  beinc  from  7t  to  10  nanaxe  foet  of 
area  for  each  1,000,000  cable  feet  of  tidal  water. 
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*  Tewen  tmA  CklniBcys  are  exposed  to  the  lateral  pressure 
of  the  wind,  which,  without  sensible  error  in  practice,  may  be 
assumed  to  be  horizontal,  and  of  uniform  intensity  at  all  heights 
above  the  ground. 

The  surface  exposed  to  the  pressure  of  the  wind  by  such  struo' 
tures  is  usually  either  flat,  or  cylindrical,  or  conical,  and  differing 
Teiy  little  from  the  cylindrical  fonn.  Octagonal  chimneys,  which 
are  occasionally  erected,  may  be  treated  as  sensibly  circular  in  plan^ 
The  inclination  of  the  sur&ce  of  a  tower  or  chinmey  to  the  vertical 
is  seldom  sufficient  to  be  worth  taking  into  account  in  determining 
the  pressure  of  the  wind  against  it 

The  greatest  intensity  of  the  pressure  of  the  wind  against  a  flat 
surface  directly  opposed  to  it  hitherto  observed  in  Britain,  has  been 
55  lbs.  per  square  foot ;  and  this  result,  obtained  by  observations 
with  anemometers,  has  been  verified  by  the  effects  of  certain  vio« 
lent  storms  in  destroying  factory  chimneys  and  other  structures. 

In  any  other  climate,  before  designing  a  structure  intended  to 
resist  the  lateral  pressure  of  wind,  the  greatest  intensity  of  that 
pressure  should  be  ascertained,  either  by  direct  experiment,  or  by 
observation  of  the  effects  of  the  wind  on  previous  structures. 

The  total  pressure  of  the  wind  against  the  side  of  a  cylinder  is 
about  one-half  of  the  total  pressure  against  a  diametral  plane  of 
that  cylinder. 

Let  fig.  98  represent  a  chimney,  square  or  circular,  and  let  it  be 

required  to  determine  the  conditions  of  stability 
of  a  given  bed-joint  D  K 

Let  S  denote  the  area  of  a  diametral  vertical 
section  of  the  part  of  the  chimney  above  the 
given  joint,  and  p  the  greatest  intensity  of  pres- 
sure of  the  wind  against  a  flat  surface.  Then 
the  total  pressure  of  the  wind  against  the  chirn* 
ney  will  be  sensibly 


P  =  p  S  for  a  square  chimney ;  \ 

P  ^  p  ^  for  a  round  chimneys   (  '*'^  *' 


_    go  and  its  resultant  may,  without  appreciable  enor, 

^*  be  assumed  to  act  in  a  horizontal  line  throu^ 

the  emUre  of  gravity  of  the  vertical  diametral  secUan,  C.     Let  H 

denote  the  height  of  that  centre  above  the  joint  D  E ;  then  the 

moment  of  the  pressure  is 

HP  =  HpSfora  square  chimney ; 

H  P  =:  — ?—  for  a  round  chimney  *  '  ^  '' 


':] 


•Thif  Artlole  and  that  on  Beserrolr  WaUa,  pi  780;  are  tranaforrod  from  A  Miamud  ^ 
App'M  Mtehamiet, 
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and  to  diis  the  least  moment  qfstaiilUy  of  the  portion  of  the  chim- 
ney above  the  joint  D  £,  as  detennined  by  the  methods  of  Articte 
211,  should  be  equal* 

For  a  chimney  whose  axis  ia  vertical,  the  moment  of  stahQily  is 
the  same  in  all  directions.  But  few  chimneys  have  their  axes 
exactly  vertical ;  and  the  least  moment  of  ntabUity  is  obviously 
that  which  opposes  a  lateral  pressure  acting  in  that  direction  to- 
ward which  the  chimney  leans. 

Let  G  be  the  centre  of  gravity  of  the  part  of  the  chimney  which  is 
above  the  joint  D  E,  and  B  a  point  in  the  joint  D  £  verticslly 

below  it ;  and  let  the  line  D  E  =  ^  represent  the  diameter  of  that 
joint  which  traverses  the  point  B.  Let  9^,  as  in  former  examplesi 
represent  the  ratio  which  the  deviation  of  B  from  the  middle  of  the 
diameter  D  £  bears  to  the  length  t  of  that  diameter. 

Let  F  be  the  limiting  position  of  the  centre  of  resiBtance  of  the 
joint  D  £,  nearest  the  edge  of  that  joint  towards  which  the  axis  of 
the  chimney  leans,  and  let  q,  as  before,  denote  the  ratio  which  the 
deviation  of  that  centre  from  the  middle  of  the  diameter  D  £  besa 
to  the  length  t  of  that  diameter. 

Then,  as  in  equation  3  of  Article  21 1,  the  least  moment  of  staSalilf 
is  denoted  by 

W   BF  =  (g  —  3^ Wt ^(3.) 

The  value  of  the  oo-efficient  q  is  detennined  by  oonsideEing  the 
manner  in  which  chimneys  are  observed  to  give  way  to  the  preasuie 
of  the  wind.  This  is  generally  observed  to  commence  by  the  opouog 
of  one  of  the  bed-joints,  such  as  D  £,  at  the  windward  side  of  ibs 
chimney.  A  crack  thus  b^ins,  which  extends  itself  in  a  zig-zag  fonn 
diagonally  downwards  along  both  sides  of  the  chinmey,  tendmg  to 
separate  it  into  two  parts,  an  upper  leeward  part,  and  a  lowerwmd- 
ward  part,  divided  from  each  other  by  a  fbssure  extending  obliquely 
downwards  from  windward  to  leeward.  The  final  destruction  of  the 
chimney  takes  place,  either  by  the  horizontal  shifting  of  the  upper 
division  until  it  loses  its  support  from  below,  or  by  the  crushing  of 
a  portion  of  the  brickwork  at  the  leeward  side,  from  the  too  gnat 
concentration  of  pressure  on  it,  or  by  both  those  causes  combined ; 
and  in  either  case  the  upper  portion  of  the  structure  fidls  in  a 
shower  of  fragments,  partly  into  the  interior  of  the  portion  left 
standing,  and  partly  on  the  ground  beside  its  basa 

It  is  obvious  that  in  order  that  the  stability  of  a  chimney  maybe 
secure,  no  bed-joint  ought  to  tend  to  open  at  its  windward  edge; 
that  is  to  say,  there  ought  to  be  some  pressure  at  every  pointcf 
each  bed-joint,  except  the  extreme  windward  edge,  wheve  iiie  ia- 
tensily  may  diminish  to  nothing ;  and  this  ^*^^**^»»  Is  folfilbl 
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with  saffident  aoctuacy  for  practical  purposes,  by  assuming  the 
pN»«re  to  be  an  uniformly  varying  pressure,  and  so  limiting  the 
position  of  the  centre  of  pressure  F,  that  the  intensity  at  the  lee- 
"Ward  edge  E  shall  be  double  of  the  mean  intensity. 

It  has  already  been  shown,  in  j^rticle  205,  what  values  this  con* 
dition  assigns  to  the  co-efficient  q  for  different  forms  of  the  bed-joints. 
Chimneys  in  general  consist  of  a  hollow  shell  of  brickwork,  whose 
thickness  is  small  as  compared  with  its  diameter ;  and  in  that  case 
it  ifl  sufficiently  accurate  for  practical  purposes  to  give  to  q  the  fol- 
lowing  YBlues : — 


For  square  chimneys,  q  ^-x; 


For  round  chimneys,  q 


4 


(*•) 


The  following  general  equation,  between  the  moment  of  stability 
and  the  moment  of  the  external  pressure,  expresses  the  condition  of 
stabiHty  of  a  chimney  :— 

HP  =  (g  —  gO  W < (5-) 

This  becomes,  when  applied  to  square  chimneys, 

Hi.S=(.i-s')w«j 
and  when  applied  to  round  chimneys. 


*     ••••••••••••••  ^v.^ 


The  following  approximate  formulse,  deduced  from  these  equationS| 
axe  useful  in  practice : — 

,'  Let  B  be  the  mecm  thickness  of  brickwork  above  the  joint  D  E 
under  consideration,  and  b  the  thickness  to  which  that  brickwork 
"would  be  reduced,  if  it  were  spread  out  flat  upon  an  area  equal  to 
the  external  area  of  the  chimney.  That  reduced  thickness  is  given 
with  sufficient  aocniacy  by  the  formula 


0  sss  ji  I  1  '^"~  ^~  I •••.•••••«••••••  .••••••  • . .^f  •  1 


t       but  in  most  cases  the  difference  between  h  and  B  may  be  neglected. 
^^  Let  w  be  the  weight  of  an  unit  of  volume  of  brickwork;  being, 

'!       on  an  average,  about  112  lbs.  per  cubic  foot,  or,  if  the  bricks  are 
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dense^  and  laid  very  closely,  vrith.  thin  layers  of  mortar  in  the  jointly 
from  115  to  120  lbs.  per  cubic  foot    Then  we  have,  very  neariy, 


for 
for 


square  chimneys,  W  =  iwh  S;       )  /^\ 

round  chimneys,  W  =  3'14to6S;j  *'" ^  ' 


T^hich  values  being  substituted  in  the  equation  6,  give  the  folloTOg 
formuhe  :— 


For  square  chimneys,  Hj>  =  ( "o  —  ^2*)  'V}ht; 
For  round  chimneys,  Hps  fl-57  -  6*2S^jfoht; 


••••M 


(9.) 


These  foimuLe  serve  two  purposes ;  first,  when  ihe  greatest  iiH 
tensity  of  the  pressure  of  the  wind,  p,  and  the  external  form  and 
dimensions  of  a  proposed  chimney  are  given,  to  £nd  the  mean  in- 
duced thickness  of  brickwork,  6,  requii^^  above  each  bed-joint,  m 
order  to  insure  stability;  and  secondly,  when  the  dimensions  and  Ioibl 
and  the  thickness  of  the  brickwork  of  a  chimney  are  given,  to  find 
the  greatest  intensity  of  pressure  of  wind  which  it  will  sustain  with 
safety. 

The  shell  of  a  chimney  consists  of  a  series  of  divisions,  one  abore 
another,  the  thickness  being  uniform  in  each  division,  but  duninisk- 
ing  upwards  from  division  to  division.    The  bed-joints  between  ^ 
divisions,  where  the  thickness  of  brickwork  changes  (including  the 
bed-joint  at  the  base  of  the  chimney),  have  obviously  less  stabilitj 
than  the  intermediate  bed-joints;  hence  it  is  only  to  the  former  a^ 
of  joints  that  it  is  necessary  to  apply  the  formukoi     To  illustrate 
the  application  of  the  formulae,  a  table  is  given  on  x^ge  7B8, 
showing  the  dimensions  and  figure,  and  the  stability  a^^iinst  tbe 
wind,  of  the  great  chimney  of  the  works  of  Messrs.  Tennant  and 
Company,  at  St  Eollox,  near  Glasgow,  which  was  erected  from  the 
designs  of  Messrs.  Gordon  and  Hill,  and  is,  with  the  exertion  of 
the  spire  of  Strasburg,  the  Great  i^rramidi,  and  the  ^ire  of  St 
Stephen's  at  Vienna^  we  most  lofty  building  in  the  world.* 

iHuBs  or  BcMTToir-mPUis  of  masonry  are  intended  to  rout 
the  direct  pressure  of  water.  A  dam,  when  a  current  of  water 
falls  over  its  upper  edge,  becomes  a  toeir,  and  requires  protectioa 
for  its  base  against  the  undermining  action  of  the  fiilling  streaiBi 
Such  structures  are  not  considered  in  the  present  Article,  whidi  il 
confined  to  walls  for  resisting  the  pressure  of  water  only* 

In  ^g.  99,  let  ED  represent  a  horizontal  bed-joint  of  a  resenrug' 
wall,  which  wall  has  a  plane  sur&oe  O  D  exposed  to  the  preasoft 

*Seep.  788L 
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of  the  contained  water,  whose  npper  sor&ce  is  the  horizontal  plane 
O  Y.     Consider  a  vertical  layer  of  the  wall  of  the  length  unity, 

Bostaining  the  pressure  of  a  ver- 
tical layer  of  water  of  the  length 
unity  also.  Then  from  Articles 
89  and  124  it  appears,  that  the 
total  pressure  exerted  against 
that  layer  ,of  the  wall  is  equal 
to  the  weight  of  the  triangular 
prism  of  water  0  D  K,  right 
angled  at  D,   whose   thickness 

is  uniiy,  and  whose  side  D  K  is 

5%'  ^5«  equal  to  the  depth  of  the  joint 

DE  beneath  the  surface  O  Y;  and  it  also  appears,  that  the  resultant 

of  that  pressure  acts  in  the  line  H  0,  beuig  a  perpendicular  upon 

O  D  from  the  centre  of  gravity  H  of  the  prism  of  water;  so  that 

O  D  =  — ^    Let  G  be  the  centre  of  gravity  of  the  vertical  layer 

of  masonry  above  D  E,  and  G  B  W  a  vertical  line  drawn  through 
it ;  produce  H  0,  cutting  that  vertical  line  in  A ;  take  AW  to 
represent  the  weight  of  the  layer  of  masonry,  and  AP  to  represent 
the  pressure  of  the  layer  of  water;  complete  the  parallelogram 
A  P  R  W ;  A  R  will  represent  the  total  pressure  on  the  joint  D  E 
for  each  unit  of  length  of  the  wall,  and  F,  where  that  line  cuts 
jy  E,  will  be  the  centre  of  resistance  of  that  joint,  which  must  fall 
-within  the  limits  consistent  with  stability  of  position,  while  at  the 
same  time  the  angle  A  F  D  must  not  be  less  than  the  oomplement 
of  the  angle  of  repose. 

To  treat  this  case  algebraically,  let  x  denote  the  depth  of  D 
beneath  the  surface  of  the  water,  v/  the  weight  of  an  unit  of 
volume  of  water,  and  j  the  inclination  of  O  D  to  the  vertical 
Then  the  pressure  of  the  vertical  layer  of  water  is 

P  =  ^.Beoy, (1.) 

2 
its  centre  0  being  at  the  depth  ^  os. 

This  force,  together  with  the  equal  and  opposite  oblique  com- 
ponent of  the  resistance  of  the  joint  D  E  at  F,  constitute  a  couple 
tending  to  overfcum  the  wall,  whose  arm  is  the  perpendicular  dia- 
iance  of  F  from  OP;  that  is  to  say, 

UD-FD-ainjl 
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D  =  — ^— ^,  and  i^  as  before^  we  make  WB sst,  FD  = 
f  gr  -f.  -  J  ^ ;  oQDseqaeatly  ire  Imve  for  Uie  arm  of  tiba  coapla  ib 


quGstioiiy 

« 'see 


--(?  +  ^«-Bini, 


wliich  being  multiplied  by  the  pressure,  gives  the  moment  of  Ik 
oYertuming  couple ;  and  this  being  niade  equal  to  mom'ept  <i 
stability  of  the  wall,  we  obtain  the  following  equation  }-^ 

W-ITI=W(gr±3^i=!^.8ec"i-t(/a:««(|+j)l»nJL...(i^ 

Wben  tbe  inner  face  of  the  wall  is  vertical,  sect's  1,  and  tan  jsO; 
and  the  above  equation  becomes 

W(g±30«  =  ^. ......(2*-) 

To  obtain  a  convenient  general  formula  for  oompaiing  waDs  of 
similar  figures  but  different  dimensions,  let  n,  as  in  Article  211, 
denote  the  ratio  of  the  area  of  the  vertical  section  of  the  wall  to 
that  of  the  circumscribed  rectangle,  so  that  if  «;  be  the  wei;^  of 
an  unit  of  volume  of  masonry,  ihe  weight  of  the  Ycrtical  layer  cf 
masoniy  under  consideration  is 

W  »  nwht, 

where  h  is  the  depth  of  the  joint  D  E  below  the  top  of  the  mlL 
Then  equations  2  and  2  A  taJce  the  following  forms  :•*- 

*(?+ «0«A«'=-g- ; P  *•) 

— equations  analc^ons  to  equation  4  of  Article  213.  To  obtain  a 
fi)nBu]a  suitable  for  oompaung  the  requisite  tbinlmiwi  of  'wall  t,  kt 

v/a?  'seey  . 

lin{q+q')ioh   "^^ 
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which  quadratio  equation  being  solved,  gives 

t  =  ^/ATB•-B; (4.) 

or  £xr  a  wall  with  a  vertical  inner  &ce,  for  which  B  »  0, 

«=  ^/^. (4  a.) 

In  most  cases  which  oecnr  in  practice,  the  sur&ce  of  the  watex 
O  Y  either  is,  or  may  occasionally  be,  at  or  near  the  level  of  the 
top  of  the  wally  so  that  h  may  be  made  =  as.     In  such  cases,  let 


A  v/  secy 

^^t(/(|H-I)tani^ 


and  we  have 


0  t 


which  being  solved,  gives 

I  =  J^Ti^-h', («.) 

and  for  a  wall  with  a  vertical  inner  &ce, 

I  =  ^/«=^/(■5^I^T*W ^^  ^^ 

The  vertical  and  horizontal  components  of  the  pressnie  of  the 
water  are  respectively 

Vertical,  Pami=-^teni 

Horizontal,  P  cos  j  =  —5—  ; 

Consequently  the  condition  of  ttabUUt/  o/fricUan  at  the  joint  D  E 
18  given  by  the  equation 

P  cosj                   v^m^             ^^    ^  /^v 

W  +  Psini  =  2W  +  ti/a;^tani  ^  **^  ^- V^.) 
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If  the  ratio  ~  has  been  deteimiiied  bj  meaiiB  of  eqnataoa  5,  tiMi 
we  haTB 

W  sr  nwxi  =  nioff"  •-  ; (7.) 

80  that  by  canoelling  the  common  £M;tor  x\  equation  6  ib  bioq(^ 
to  the  following  fonn : — 

— r- ^  *^  * w 

2n«i7-  +  fiy'tanj 

Exomplel,  Beclangtdar  WaU. — ^In thiscaaensl'^'sOjjsO; 

consequently^ 

equation  5  a  becomes 

1  =  ^=  \/^; W 

»      ^  V     oqto 

and  equation  8» 

tif 


2w\/ 


=  A  /  ii!?!  -^  tan  ^; (la) 

17"        V      2«   — 


6^to 

but  it  18  iinnecessaiy  to  attend  in  practice  to  this  last  eqaatiflOy 
which  is  fulfilled  for  the  greatest  values  of  q  that  ever  occur. 
Example  IL  Triangular  WaUy  with  the  apex  at  0. 

In  this  case  —  is  the  same  for  every  horizontal  joint;  ao  that  if 

X 

the  tf^i^Vnftga  be  just  sufficient  for  stability  at  any  joint,  it  will  be 
just  sufficient  for  stability  at  eveiy  other  joint.  A  reservcir-wall 
whose  vertical  section  is  triangular^  may  tiierefore  be  said  to  be  ^ 
iinifarm  stabUUy, 

The  value  of  n  for  a  triangle  is  -^    With  respect  to  the  vahie  d 

0^.  that  case  will  be  considered  in  which  the  inner  &oe  of  the  wall 

1 
is  vertical,  so  that  9^  —  ^1  J  »  Ol 

Then  by  equation  5  A, 
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and  by  equation  8 

X 

This  last  equation  fixes  a  limit  to  the  value  of  q,  independently 
of  the  distribution  of  the  pressure  on  each  bed-joint,  viz. : — 

9^^--^*^-l- (13.) 

The  insertion  of  this  value  of  g  in  equation  11  gives 

•*-  =  -f-, (U.) 

X      to '  tan  ^  ^     ' 

The  value  of  tan  ^  for  masonry  being  about  0*74,  w  being  on  an 
average  114  lbs.  and  v>  62*4  lb&  per  cubic  foot,  the  limit  of  g  is 
found  to  be 

0-421  -0-167  =  0-254,  or  ^,  nearly, 

and  that  of  -,  by  equation  14,  is 

0-585. 

For  brickwork,  tan  ^  is  about  the  same  as  for  masonry,  and  w  is 
112  lb&  per  foot,  nearly;  hence  the  limit  of  g  is 

0-327 -0167  =  016,  or  g,  nearly, 
"while  that  of  -  is  0-75. 

X 

Example  III.  Triangula/r  WaU  wUh  Vertical  Axis. — When  the 
'wall  stands  on  a  soft  foundation,  it  may  be  desirable  in  some  cases 
80  to  form  it,  that  the  centre  of  resistance  F  shall  be  at  the  middle 
of  each  joint,  and  shall  also  be  vertically  beneath  the  centre  of 
gravity  of  the  part  of  the  'w^all  above  the  joint.  In  this  cose,  the 
point  of  intersection  A  of  the  lines  of  action  of  the  pressure  and 
weight  must  also  fall  in  the  middle  of  each  joint  To  fulfil  these 
conditions,  the  vertical  section  of  the  wall  should  be  an  isosceles 
triangle,  the  outer  and  inner  faces  forming  equal  angles  j  on 

3£ 
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opposite  odes  of  tlie  Tertical  axis  of  the  wall,  and  the  angle  j  dioold 
be  sQch  that  a  straight  line  perpendicolar  to  O  D  at  C  shall  biawt 
the  base  ;  that  is  to  aaj, 

iajkj  _  X  sec/ 

~2         ~3~» 


hot 


whence  ve  haTB 


and 


i=35»±; 


.{15) 


80  that  the  base  of  the  irall  is  to  its  height  as  the  diagonal  to  the 
ade  of  a  square. 

fiqnation  8  in  this  case  becomes 

"^  -*    ^        tan  9 m 


-=^J^J1 


w  J2  -^-vf  Ji      2w  +  ¥f- 

This  condition  is  always  fulfilled  so  fiff  as  the  fictional  stability 
of  one  course  of  masoniy  on  another  is  concerned.  As  the  object, 
however,  of  giving  the  wall  the  figure  now  in  question,  is  to  dis- 
tribute the  pressure  uniformly  over  a  soft  foundation,  let  it  be 

supposed  that  its  base  leete  on  a  matmal  lor  idiich  tan  9  =  -r* 

Then  we  must  haye 


2tr  +  w' — i' 


and  consequentlj 

.-^     1 


w 


2^^2- j)«^=2-33«  «  145Ib8.  per oibic foot; 


and  unless  the  masoniy  be  of  this  wei^t  per  cubic  foot^  its  fijctkn 


on  a  horizontal  base^  of  a 


for  which  tan  #  =  p  viU  not  be 


of  itself  sufficient  to  resist  the  thrust  of  the  water. 

The  diagram  on  p.  787  shows  the  form  and  propcHiioiis  sdoptni 
by  Professor  Rankine  for  reserYOir-waUs  of  great  hoi^t; 
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OROTE-TO  INNERg^  ORDWATES  TO  OUTER  FACS 

nee  FEET.ii4Jr—jr— 11140  -™ 

1.12 


For  detailed  description  see  The  Engineer  for  January  5, 
1872  (a  reprint  of  this  paper  is  embodied  in  the  Bankine 
Memorial  Yolame  of  Selected  Papers). 

The  lines  of  resistance  lie  within,  or  near  to,  the  middle  third 
of  the  thickness  of  the  wall.  The  oater  and  inner  faces  are 
logarithmic  curves.  It  is  desirable  to  give  such  walls  a  curva- 
ture in  plan  convex  towards  the  reservoir,  to  counteract  the 
tendency  of  the  wall  to  being  bent  by  the  pressure  of  the  water 
into  a  curved  shape,  concave  towards  tho  water. 
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Dimensions  Aim  Stabilitt  of  the  Outer  Shell  of  the 
Great  Chdcnet  of  St.  Bollox. 


Dlvisioiis  of       Heights  above 
Chimney.  Gioiiod. 


V. 

IV. 

III. 

IL 
L 

FonndAtion. 

L 

IL 

III. 


Fbet 
435i 

3Soi 

210| 

114 


54i 


o 

Depth  below 
Ground. 

Feet 
O 

8 

14 
20 


External 
Diameters. 

FecL   Inches 

13      6 


16 

9 

24 

0 

30 

6 

35 

0 

40      o 

External 
Diameter. 

Feet 

50 

50 
50 


Feet  Incbefc 

1  io| 

2  3 


Greitest|ifei- 

sore  of  Wind 

ooosistentvu 

Sacnritr. 

IbipcrsqautliA 


77 

57 
63 
71 


Thicknesses. 


Concrete. 
Feet  Inches. 


5 

4 


o 
8 


}     ^^ 


BricL 
Feet 

3 
3 

12 
O 


Totxi  height  frum  bojse  of  foundation  to  top  of  chimnej,  4.55^  feet 


Townsend's  Chimney,  Glasgow.    Built,  1857-59. 

Total  hei.a;ht  468  feet.  Height  from  surface  of  ground  to  oop<», 
454  feet.  Extra  height  of  20  feet  of  ornamenta]  iron  work  since 
added,  and  connected  with  the  lightning  conductor. 

Outside  diameter  at  foundations,  50  feet ;  outside  diameter  at 
surface  of  ground,  32  feet;  outside  diameter  at  top  of  cope,  1- 
feet  8  inches.  The  sides  have  a  straight  batter.  The  thicknca 
varies  from  7  bricks  at  base  to  I^  brick  at  top. 


*  Joint  of  least  stability. 
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ADDENDA. 


Article  SH,  Notf,  p.  47,  insert  at  end  of  nott. 

"  In  snrrejs  of  new]^  settled  dUtricts,  where  it  is  impracticable  to  obtain  a  base  bj 
direct  measurement  with  sufficient  precision,  a  base  maj  be  measuied  with  accuracy 
sufficient  for  ordinary  purposes  in  the  following  manner: — Choo>e,  as  ends  of  the 
base,  two  elevated  stations  which  can  bo  seen  from  each  other,  as  nearly  as  possible 
in  the  same  meridian,  and,  if  p«88ible,  50  or  60  miles  asunder;  find  their  latitudes  (as 
explained  in  Article  86  c,  p.  129);  also  find  the  true  meridian,  and  the  azimuth  of 
the  base,  from  the  mean  of  obse.  vations  made  at  each  of  the  stations  (as  explained  in 
Article  4*2,  p.  71);  compute,  by  equation  1  of  this  note,  the  length  m  of  a  minute  of 
the  meridian  corresponding  to  the  mean  latitude;  then  length  of  hate  nearly  =  in  x 
difiference  of  latitude  in  minutes  x  secant  of  azimuth.'* 

Article  57,  p.  91. 

Letellino  bt  the  Barometer. — To  correct  the  difference  of  level  given  by  the 
formula  in  the  text  for  variations  in  the  force  of  gravity,  multiply  by 

1+0  00284  C...2X+       ^„„*„„^,       ; 

in  which  X  is  the  menu  latitude  of  the  two  stations,  and  h  the  mean  of  their  heights  b 
feet  above  the  level  of  the  sea. 

Article  110,  p.  171. 

From  fome  experiments  made  by  Mr.  R.  D.  Napier,  forming  the  subject  of  a  paper 
on  friction  nnd  unguents,  read  before  the  Philosophical  Society  of  Glasgow,  on  Kith 
December,  1874,  by  that  gentleman,  and  experiments  made  by  an  eminent  foreigner, 
but  believed  to  be  not  yet  published,  it  may  oe  safely  deduced  that  the  friction  between 
two  bodies  is  a  function  of  the  force  with  which  they  are  pressed  together  and  of  their 
relative  velocity  of  motion.  It  is  further  probable  that  for  substances  without  unguents, 
the  friction  increases  with  the  velocitv  to  a  certun  maximum,  and  then  dimmishes. 
^Ir.  Nnpier  believes  his  experiments  anow  "that  with  mineral  oils  the  co-efficient  of 
friction  is  less  at  higher  than  at  lower  velocities,  and  that  with  animal  and  vegetable 
oils  the  reverse  is  the  case;"  and  further,  with  the  employment  of  unguents  the  friction 
has  been  found  to  increase  with  the  velocitv  and  vice  versd^  and  also  to  diminish  with 
the  velocity  and  vice  verttd,  A  very  small  co-efficient  of  friction  was  found  to  obtain 
when  a  small  "quantity  of  water  was  allowed  to  run  on  the  top  of  oiL^'  As  Mr.  Mapicr 
points  out,  there  is  necessity  for  further  experiment. 

In  a  paper,  of  which  an  abstract  has  appeared  in  the  Comptea  Rendue  of  the  French 
Academy  of  Sciences  for  the  26th  of  April,  1858,  M.  U.  Bochet  describes  a  series  of 
experiments  which  have  led  him  to  the  condusion,  that  the  friction  between  a  pair  of 
surfaces  of  iron  is  not,  as  it  has  hitherto  been  believed,  absolutely  independent  of  the 
velocity  of  sliding,  but  that  it  diminishes  slowly  as  that  velocity  iucreases,  according  to 
a  law  expressed  by  the  following  formula: — Let 

R  denote  the  friction ; 

Q,  the  pressure ; 

V,  the  velocity  of  sliding,  in  metres  per  second  ss  velocity  in  feet  per  second 
X  0-3048; 

ft  o»  y>  constant  co-efficients ;  then 

R_/4-  yav 
g""  1  +  ow 
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The  followinpf  are  the  Talnes  of  the  co-efiBcients  dedaoed  by  M.  Bochet  from  Ids  ex- 
periments, for  iron  snrfaces  of  wheels  and  skids  mbbinj;  lonfritadinallj  oq  iron  nuis : — 
/,  for  dry  surfaces,  0*8,  0*25,  0*2 ;  for  damp  surfaces,  0*14. 
a,  for  wneels  sliding  on  rails,  0*08;  for  skids  sliding  on  rails.  0H)7. 
y,  not  yet  determined,  but  treated  meanwhile  as  inappiedably  smalL 

Article  280,  p.  416. 

Line  of  Pressures  in  an  Arch.— As  to  the  stability  of  a  yertically-loaded  arch, 
reference  may  be  made  to  a  series  of  papers  which  hare  appeared  in  the  Civil 
KngvMer  arid  ArchUecfs  Journal  for  1861,  and  in  which  the  figure  of  the  line  of 

Eressures  is  shown  to  be  identical  with  that  of  a  carve  whose  ordinatea  represent 
ending  momenta. 

Article  357,  p.  509. 

Mean  results  of  experiments  by  W.  H.  Barlow,  Esq.,  F.R.S.: — 

Modnlm  of 
TftnuHhr         ^*«>o'  Strength  Elastidtjr 

LbS^n  me  '^fS^^'^^i^  ^"^  ^"^••"  T"^ 
Lba.  on  the  Square     verso  Load. 

Lbe.  on  the 

Square  Indh. 

22,964,000 


Square  Inch.     ^ 

iDB.  on  (ae  □ 
Inch. 

Puddled  steel. 

specimen 
spedmon 

^•,  •    •    • 
XL,      .    . 

95,233 
116,336 

62*600 

Cast  in  infrots 
Puddled  steel, 

Homogeneous 

specimen 
specimen 
specimen 
metal,  . 

•    •    > 

•    •    •    • 

III.,     .     . 
IV.,      .    . 
V 

101,763 

•  •• 

100,994 
69,456 

••• 

60,000 
63,760 
62,500 
67,600 

Steely  iron,    . 

•         ■         •         • 

62,600 

\Vei;;lit  of  a  cubic  foot  of  puddled  steel,  485*5  lbs.;  of  steely  iron,  483*6  lbs. 
(bee  the  Engineer  of  Srd  January,  1862.) 


20,544,000 
24,802,000 
22,846,400 
23,833,600 
22,846,400 


Article  357,  p.  609. 

Strength  op  Cold-rolled  Iron.— The  following  results  wore  obtwned  in  1861, 
through  Home  experiments  by  Mr.  Fairbairn  on  the  tenacity  of  iron.  (See  Mancfiester 
Tranaactum*^  10th  December,  1861.) 


Black  bar,      .    .    .    .    , 
Same  bar  iron,  tnmed. 
Same  bar  iron,  oold-rolled, 
Cold-rolled  plate,     .    .    , 


Tenadty. 
Lbs.  per  Square  Inoh. 

68,627 

60,747 

88,229 

114,912 


nmmate 
Brtemloo. 

•200 
•220 
•079 


Mean  results  of  experiments  by  M.  Tresoa,  on  bars  cat  out  of  east-steel  boiler 

plates:— 


Hard  steel,  nntemperad, 

„  tempered,  « 

Soft  steel,  nntempered, 

tempered,  . 


»f 


Tenacity. 
Lba.  on  the 
Sqnarelnch. 

.  74,000 

.  103,000? 

,  81,700 

.  121,700 


Limit  of  Elasticity. 
Lbs.  on  the 
Square  Inch. 

86,000 
71,900? 
34,100 
105,800 


Mochilns  of 
EiasUcity. 
TJtin.  on  ttie 
Sqnarelnch. 

29,500,000 
27,800,000 
24,500.000 
28,800,000 


The  column  headed  "limit  of  elasticity'*  gives  the  tension  np  to  which  the  elonga- 
tion was  sensibly  proportional  to  the  load.  The  results  marked  (?)  are  doubtful, 
because  of  discrepancies  amongst  the  experiments  of  which  they  are  the  means. 

As  to  the  tenacity  of  wrought  iron  and  ateel  generaUy,  see  Mr.  Darid  Kirkaldy's 
work  on  that  subject     (Glasgow,  1862.) 
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Abticlb  4<NS,  p.  607. 

TuBULAB  FomiDAnoxs. — ^For  excaratliig  the  earth  inade  iron  eylindefs  that  aro 
oems  sank  for  foimdadoiia^  Mr.  Ifflroj  introdoced  the  following  digging  appantas: — 
A  polTgonal  iron  frame  ia  anqiended  in  a  horizontal  position  by  means  of  chains.  It 
has  hinged  to  it,  bj  thdr  broad  ends,  a  set  of  trianguhr,  or  n<»rlj  triangnlar  shovels. 
which,  when  mj  are  snpported  by  catches  in  a  horizontal  position,  with  their  email 
ends  meeting  at  the  eentre  of  the  firame,  fonn  a  sort  of  flnt  tray.  When  the  catches  are 
let  go,  the  shovels  hang  with  their  points  downwards.  In  thb  position  they  are 
lowernl,  and  forced  into  the  earth  at  the  bottom  of  the  cjlinder.  The  points  of  tbo 
shovels  are  then  hanled  together  by  means  of  chains,  so  as  to  form  the  tray,  which  is 
wound  np  witb  its  load  of  earth  br  means  of  a  steam  windlass;  a  truck  is  wheeled  u'.>on 
rails  over  the  month  of  the  crlinder,  so  as  to  be  under  the  tray;  the  catches  are  let  go, 
so  as  to  drop  the  shovels,  ana  let  the  earth  fall  into  the  track,  which  b  wheeled  away ; 
and  the  apparatus  b  ready  to  be  lowered  i^rain.  By  means  of  this  apparatus,  cylinders 
8  feet  4  indies  in  diameter,  together  with  the  excavation  inside,  have  be-n  sank  at  the 
average  rate  of  about  a  foot  an  hour,  including  stoppages  to  put  on  new  lengths  of  cylinder. 
The  numbers  of  men  employed  were,  one  at  the  winding  steam  engine,  six  at  rollers  for 
hauling  chains  to  fbroe  the  shovels  into  the  gronnd,  and  afterwards  to  pull  their  points 
together;  three  at  the  truck,  and  one  with  a  shovel  and  barrow;  in  all,  eleven  men;  but 
eeveral  (^thoae  men  might  be  saved  by  working  the  chains  from  the  steam  engine. 

AxTXCLK  420,  p.  628. 

Stbav  Rollkks. — Great  advsntages  are  derived  from  steam  rolling,  and  it  has  come 
into  very  general  use  latterly  on  economical  grounds.  It  has  been  found  from  experi- 
ence here,  but  spedally  on  the  Continent,  that  the  road  wears  better,  and  that  Uiere  is 
naturally  lees  wear  and  tear  of  rolling  stock.  On  unrolled  roads  a  great  deal  of  the 
metal  is  crushed,  which  is  simply  worn  down  by  friction  upon  rolled  roads.  The 
objection  that  was  first  raised  to  the  introduction  of  rollers  was  the  injury  to  subways 
firom  their  weijght  The  weight  has  now  been  reduced  from  36  to  15  tons^  which  is 
found  to  be  qmte  sufficient  for  all  purposes.  The  economy  obtained  by  tbeir  emplov- 
ment  is  stated  to  be  about  SO  per  cent.,  which  is  the  amount  that  is  reduced  to  dust  by 
traffic  before  the  road  is  consolidated,  on  unrolled  roads. 

Abticlb  4S4,  p.  649. 

Engines  for  drawing  heavy  losds  up  stc<>p  inclinations  are  sometimes  made  with  ten 
or  even  twelve  small  wheels,  3  or  dj|  feet  in  diameter,  and  all  coupled  so  as  to  act  as 
driving  wheels.  The  lower  carriage  is  jointed,  so  as  to  enable  it  to  pass  easily  round 
curves:  the  two  sets  of  axles  are  sometimes  coupled  by  an  ingenious  svstem  of  link- 
work,  and  sometimes  driven  by  two  independent  pairs  of  cylinders.  \Vl)ere  the  steep- 
ness of  the  gradient  \b  too  great  for  any  of  the  before-mentioned  contrivances,  tne 
driving  wheels  (according  to  Mr.  FelFs  invention)  are  assisted  by  a  set  of  horisontal 
wheeiKof  the  same  diameter^  driven  at  the  ssme  speed,  and  made,  bv  means  of  springs, 
to  grasp  a  high  oentral  rail  with  the  tightness  required  to  proauce  the  necessury 
adhesion. 

Abtigls  480,  p.  689. 

WiRB  Tramwatb. — ^The  following  description  of  Hodgson's  Wire-rope  Transport 
System  is  abridj^  from  a  published  pamphlet  on  that  subject: — 

*'  lines  of  this  system  .  .  .  may  be  described  as  consisting  of  an  endless  wire- 
rope,  supported  on  a  series  of  pulleys  carried  by  substantial  posts,  which  are  ordinarily 
about  8UU  feet  apart ;  but,  wnere  necessary,  much  longer  spans  are  taken,  in  many 
oases  amounting  to  1,000  feet.  This  rope  pusses  at  one  end  of  the  line  round  a  drum, 
driven  by  a  steam  engine,  or  other  available  power,  at  a  speed  of  from  four  to  eight 
miles  an  hour.  The  ooxes  in  which  the  load  is  carried  are  bung  on  the  rope  at  the 
loadbsg  end,  the  attachment  consisting  of  a  pendant  of  peculiar  shape,  which  roaintaini 
the  load  in  perfect  equilibrium,  and  at  the  same  time  enables  it  to  pass  the  supporting 
pulleys  with  ease.  Lach  of  these  boxes  carries  from  1  cwt.  to  lU  ewt.,  and  the  aelivery 
u  at  the  rate  of  about  200  boxes  per  hour  for  the  entire  distance.    .    «    .    A  special 
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■mngeiiMnt  is  made  at  each  end  of  the  line,  eonastingof  nils  ao  pkoad  as  to  rae^tiw 
small  wheels  with  which  the  boxes  are  provided,  and  deUver  them  firom  the  rope.  Tke 
boxes  thus  become  suspended  from  a  fixed  rul  instead  of  the  moving  lope,  and  can  be 
ran  to  any  point  to  which  the  rail  is  carried,  for  loadin((  or  deUverins,  and  agua  na 
on  to  the  rope,  for  returning.  The  f-ncces&ion  is  oontinnoos,  and  the  rope  U  nsfcr 
required  to  stop.  .  .  .  Cnrres  are  eauly  passed,  and  inclines  of  1  in  6  or  7  sie 
admissiblflu  .  .  •  The  rope  bdng  contmuous,  no  power  is  ket  on  widnlatTng 
ground.'' 

Article  435,  p.  656. 

Narrow  Gauob  Bailwats.— Railways  of  gau^  smaller  tiian  that  eommoBly 
called  the  ''narrow  gauge"  are  used  where  the  traffic  is  light,  and  cheapDcas  of  fint 
cost  is  ImportanL    Some  Norwegian  railways  have  a  gauge  of  3^  feet. 

The  Kestiniog  Railway  in  North  Wales  has  a  gauge  of  only  2  feet.  The  raDs  weigh 
80  lbs.  to  the  yard,  and  are  in  lengths  of  18  and  21  feet.  The  intermediate  chairs  wri^ 
10  lbs.;  the  joint  chairs,  13  lbs.  The  sleepers  are  of  larch,  4  fSeet  6  inches  long,  fron 
9  to  10  incnes  broad,  and  from  4^  to  5  inches  deep.  At  each  side  of  a  jwot 
they  are  1  foot  6  inches  apart  from  centre  to  centre;  elsewhere.  2  feet  8  inches. 
Clear  width  of  roadway  for  a  single  line,  12  feet;  central  space  of  a  double  line,  7  feet; 
clear  width,  21  feet.  Sharp  curves,  from  2  to  4  chains  radius.  Steepest  gradient  oa 
passenger  line,  1  iu  80  nearly ;  elsewhere,  1  in  60.  Passenger  carriages  10  feet  loa^ 
6  feet  3  inches  wide,  6  feet  6  mches  high;  four  wheels,  1  foot  6  inches  diameter;  whevl 
base,  4  feet;  CArry  ten  passengere,  in  two  rows,  back  to  hack.  Kngine  w«^  wkn 
full,  7^  tons;  four  wheels,  couoled,  2  feet  diameter;  wheel  base,  5  ftet.  Two  outasda 
cylinders,  8  inches  diameter,  12 -inch  stroke;  greatest  steam -pressure,  200  Iba.  oaths 
square  inch  above  atmosphere.  Water  carried  in  a  tank  over  the  boiler;  fudiaa 
4- wheeled  tender.  The  ordinary  speed  ascending  1  in  80,  with  a  gross  load  of  50  tow, 
exclusive  of  engine  and  tender,  is  10  miles  an  hour.  As  to  **  Fairlie  "  engine^  whkh 
are  well  suited  for  narrow  gauge  railways,  see  p.  649. 

Article  445,  p.  673, 

Extensive  and  numerous  experiments  have  been  recently  made  by  Mr.  RobL  Gerta 
of  the  P.  W.  D.,  India,  on  the  Irrawaddi,  and  by  Messrs.  Humphreys  &  Abbot  on  the 
^lissis!>ippi,  on  the  vertical  distribution  of  velocities  in  a  current.  These,  and  aaos 
other  experiments  of  less  msgiiitude,  are  discussed  by  II.  Basin  in  No.  36  of  the 
Annales  des  Fonts  et  Chaussies  for  1875,  p.  309.  The  velocities  taken  on  the  same 
vertical  vary  as  tho  ordinates  of  a  parabola;  the  greatest  velocity  is  generally  at  the 
surface,  but  sometimes  below  it.     The  following  formula  is  proposed : — 

p  =  V  -  M  (z  -  a)«; (L) 

in  which  v  is  the  velocitjr  at  the  depth  A,  which  bean  to  the  total  depth  H  the  ratio  x, 
V  is  the  maximum  velocity,  &I  is  tne  parameter,  a  is  the  ratio  of  the  distance  A'  of  the 
summit  of  the  parabola  from  the  surface  to  the  total  depth  H.    The  mean  relodtf  is— 

«  =  V-M  (^  -,  +  ^); .(1) 

nnd  the  velocity  at  ha'f  depth  vi  =  u  +  -r^r  the  value  of  M  b  20  y/H  1,  when  I  is  the 
inclinntion  of  the  bed.  *  ^* 

Both  M.  Bazin  and  Mr.  Gordon  consider  that  the  relative  velocities  at  diffcRoK 
portions  tif  a  given  section  are  influenced  by  the  relative  roughness  of  tlie  bed,  but  the 
proportions  have  not  yet  been  definitely  fixed  by  formule.  Mr.  Gordon  coD:adcxt 
further  that  these  relations  are  aficcted  by  the  depth  of  water  in  the  sau.e  streaos,  asi 
by  the  distance  or  position  of  the  float  firom  the  sides. 

Article  498,  p.  788. 

FiLTRATTOK.— From  experiments  by  M.  Havres  {Reout  UnhtrmUt  da  JftMi» 
May,  June,  1874,  and  Vol.  39,  Proc  IntL  C.E.),  it  appean  that  filtntioB  ii 
infiiienced  by  the  pressure  and  temperature  of  the  water,  the  thidmeas  of  the  ffltoiBf 
medium,  the  size  uf  the  grains  forming  the  filter,  and  their  mixture.    The  deliTCfy  « 
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a  filter  per  Bqnare  foot  per  twenty-four  hours,  is  equal  to  2*4  cabio  yards,  multiplied  by 
the  pressure  of  the  water  in  yards,  and  di^ded  by  the  thickness  of  the  filtering  medium 
in  yards  nearly.  When  lar^  and  small  grains  of  sand  are  mixed  the  delivery  is  found 
to  'diminish,  as  also  by  siltmg  and  fouling.  Formulae  for  the  velocity  influenced  asi 
stated  above,  are  given  in  the  original  paper,  to  which  reference  may  be  made. 

Abticlx  621,  p.  768. 

Brrakwaters. — As  to  the  construction  of  a  breakwater  by  means  of  a  wooden 
cn;;e  filled  with  rough  stones,  and  resting  on  a  rubble  base,  see  a  paper  by  Mr.  Michaei 
Scott,  in  the  Proceedinffs  of  the  Itutitution  of  Civil  Engineen  for  1858,  sincd 
published  in  ^  Occasional  Papers." 

Artiglk  230,  p.  878. 

Concrete  is  now  largely  used  in  engineering  works:  such  as  in  harbour  and  dock 
walls,  reservoir  walls,  foundations,  &c  It  is  used  either  in  blocks,  made  by  placing 
the  newly  mixed  concrete  in  wooden  frames,  or  in  monoliths  by  erecting  a  casing  com- 
posed of  planks  arranged  to  the  form  and  height  of  wall  required,  the  concrete  is  then 
placed  and  spread  layer  by  layer  within  the  casing.  On  the  removal  of  the  boarding, 
the  exposed  faces  receive  a  coat  of  cement  mortar.  In  some  works  recently  executed, 
blocks  of  from  70  tn  350  tons  have  been  used.  Concrete  in  bags  has  also  been  used 
successfully  for  foundation  work  in  sea  walls. 

The  esst'Utial  requisites  in  obtaining  good  concrete  are  strong  hydraulic  lime  or 
cement,  and  clean  snarp  sand ;  the  stones  should  also  be  clean  and  free  from  earthy 
matter.  Various  proportions  are  spedfied  by  enzineers  according  to  the  nature  of  the 
work.  If  Portland  cement  is  used  it  should  be  fresh,  and  should  stand  a  temtile  stress 
of  from  800  to  850  lbs.  per  square  inch,  after  having  been  made  into  test  bricks,  and 
immersed  in  water  seven  days.  The  weight  of  the  cement  should  be  about  112  lbs. 
per  bushel.  Where  strong  compact  concrete  is  required  the  proportions  are  usually 
about  1  of  Portland  cement  and  1  of  sand^  with  4  or  o  parts  of  broken  stone  from  2  to 
*H  inches  in  size. 

Artxclb  830,  p.  462. 

Prkservatioh  of  Iron. — Becently  some  new  processes  have  been  developed  for 
the  preservation  of  iron  from  rust.  One,  knovm  as  BarflTs  process,  consists  in  placing 
the  articles  in  an  aur-tight  oven,  where  they  are  heated  to  a  cherry  red,  a  current  of 
superheated  steam  is  then  allowed  to  play  upon  them,  nnd  throogh  its  decomposition 
the  oxygen  uniting  with  the  iron  forms  a  coating  of  magnetic  oxide  of  iron.  Bower's 
process  appears  to  attain  the  same  result  through  the  medium  of  cairbonlc  oxide  gas 
and  air  at  a  high  temperature. 

Articlks  856  and  439,  pp.  506  and  665. 

Steel  is  now  largely  used  for  rails,  tires,  ship  and  boiler  plates,  as  also  for  propeller 
blades,  and  for  hollow  propeller  shafts.  In  the  Bessemer  process  a  large  pear-shaped 
Tessel,  called  the  converter,  capable  of  holding  three  or  four  tons,  composed  of 
wrought-iron  plates  rivetted  together  and  lined  with  pannister,  is  tilled  with  molten 
pig-iron  from  the  cupola,  or,  m  some  cases,  b  filled  direct  from  the  blast  furnace ;  a 
blast  of  air  is  then  driven  through  the  liquid  mass,  by  which  the  silicon  and  carbon 
are  oxidised.  This  process,  which  lasts  for  about  twenty  minutes,  is  accompanied  by 
intense  heat,  with  a  orilliant  display  of  fiame  and  sparks  from  the  mouth  ot  the  con- 
verter; and  the  elimination  of  the  carbon,  &c,  is  usually  determined  by  the  eye  as 
taking  place  when  the  flame  drops  and  becomes  of  a  brownish  tinge,  it  may  also  be 
determmed  by  the  spectroscope  through  the  disappearance  of  the  carbon  lines.  The 
requisite  addition  oi  carbon  and  manganese  is  then  added  by  running  into  the  con- 
verter a  qnantity  of  melted  spiegcleisen  or  ferro-manganese,  and  the  whole  is  then 
poured  into  cast-iron  moulds. 

In  the  Siemens  or  Siemens- Martin  process  a  mixture  of  iron,  scrap,  and  ore  is 
melted  in  an  open  hearth  furnace  by  means  of  gas  supplied  bv  gas  producers,  and 
worked  upon  the  heat  regenerative  system.  After  the  silicon,  carbon,  &c,  are  oxidised 
and  addition  of  the  spiegcleisen  or  ferro-manganese,  it  is  poured  into  caat-iron  moulds. 
The  charge  is  about  ten  tons,  and  the  whole  process  takes  several  hours. 
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The  ingots  of  esst  rted  are  thereafter  re-heeted,  hammered,  and  taken  to  tliefoilfiDK 
mill  to  be  turned  out  as  platesw  Rails  are  rolled  direct  from  the  reheated  m^.  The 
eteel  produced  in  this  manner  is  known  as  "mild  steel,"  and  possesseK  wondeifnl 
strength  and  dnctilitj.  From  a  earefnl  investifEation  of  its  pit^Krties  the  Commhtee 
of  Lloprds  haye  adopted  the  following  tests  for  ship*s  plates. 

Ultimate  tensile  strength  27  to  31  tons  per  square  mch. 

Elongation  20  per  cent,  on  a  length  of  e  inches  beforo  fracture. 

Strips  heated  to  low  cheny-red,  and  cooled  in  water  at  82^  Fahr.,  must  stand  bend- 
ing double  round  a  curve  of  diameter  not  more  than  three  times  thickness  of  plate. 

About  23  tons  per  square  inch  appears  to  be  about  the  average  strength,  with  the 
limit  of  elasticity  about  one-half  of  this,  and  the  elongation  about  25  per  cent. 

The  Board  of  Trade  have  now  allowed  the  use  of  steel  for  bridge  strBctares,  with  a 
working  strength  of  C||  tons  per  square  inch. 

Bj  the  use  of  steel  m  ships  and  bridges  a  saving  in  wdght  is  effected  of  from  1$  to 
20  per  cent.  The  usual  test  for  steel  rails  is  that  of  a  1  ton  weight  falling  iivin  a 
height  of  6  feet,  or  a  load  of  20  tons  resting  mid-way  on  bearings  8  feet  apart. 

it  is  advisable  to  drill  the  rivet  holes  in  steel  plates,  as  nimching  reduces  the  strength 
by  about  80  per  cent.;  the  strength,  however,  appears  to  be  restored  by  annealing. 

The  shrinkage  of  cast  steel  is  abont  double  that  of  cast  iron. 

Various  articles,  such  ss  wheels,  axles,  propellers,  &c.,  are  made  of  cast  steel ;  then 
have  afterwards  to  be  annealed  to  insure  uniformity  of  strength. 

Heavy  steel  plates  have  been  used  for  armour  plating  for  war  ships,  and  reocai 
experiments  seem  to  show  an  advantage  in  using  a  combination  of  sted  and  iron,  the 
steel  plate  being  in  front.  As  the  presence  of  ph<»nhoru8  u  detrimental  to  the  pr»- 
duction  of  steel,  non-phosphoretic  ores  have  been  aJmost  exdosively  used.  Vsnou 
attempts  have,  however,  been  made  from  time  to  time  to  make  use  of  the  omis 
phospnoretic  ores,  and  recently  considerable  success  appears  to  have  aocompinied 
experiments  in  this  direction,  and  known  as  the  " Thomas-Gilchrist"  process.  In  this 
method  the  converter  is  lined  with  a  basic  material  instead  of  the  ordinsxy  siliceoos 
one,  and  at  certain  stages  of  the  process  lime  is  added;  the  result  being  that  the 
phosphorus  unites  with  the  basic  material  and  leaves  the  iron  comparatively  firee. 

Abtiglbs  429,  430,  and  483,  pp.  635,  640,  and  647. 

WEiaHTS  OF  LocoxonvBS  AND  CABRIAOE&— The  weights  of  passenger  loa»> 
motives  are  now  as  much  as  40  tons,  with  a  load  on  driving  wheels  of  15A  tone,  the 
working  steam  pressure  is  150  lbs.  to  the  square  inch.  IMameter  of  cjimders  17 
inches.  Stroke  of  piston  24  inches.  Heating  surface  about  1140  square  leeL  Ihe 
weight  of  tender  is  about  82  tons.     Size  of  driving  wheels  from  7  to  8  feet. 

In  goods  locomotive  engines  weighing  about  87^  tons  and  having  six  wheeb  coupled, 
the  load  on  driving  wheels  is  about  18A  tons,  with  stroke  of  piston  of  2o  inches,  the 
pressure  of  steam  and  weight  of  tender  being  same  as  for  passenger  engines. 

Carriages  weigh  from  8  to  14  tons.  The  heavy  steel  nib  now  in  use  wci^  80  Ih^ 
per  yard. 

Abticlb  481,  p.  64L 

A  moontain  railway  may  be  defined  as  one  in  which  the  gradiafc  is  steeper  tfaaa 
1  in  50.  It  may  be  woriced  either  by  a  fixed  engine  or  locomotives.  The  farmer  piaa 
is  adopted  for  short  lengths  on  lines  with  eaner  gradients,  the  latter  for  longer  hne^ 
Numerous  methods  have  been  employed  on  different  lines  for  working;  steep  gradieiits; 
the  most  usual  being  a  rack  rail  laid  down  between  the  ordinary  raila,  in  wbich  geao 
a  tooth  wheel  driven  by  a  locomotive,  and  V  form  guide  raile  placed  at  short  diitiiiCTi 
along  the  centre  of  the  way,  in  which  works  a  horisontai  drum,  fixed  to  the  Jooomotn^ 
with  threads  running  in  opposite  directions  from  the  oentre.  On  the  other  band, 
gradients  of  1  in  14  Mve  been  worked,  both  in  ascent  and  descent,  with  ordinjiiy  loo»- 
motives  provided  with  powerful  brakes,  the  wheel  base  and  diamtter  of  the  ir*  ^ 
being  diminished.  Engines  suitable  for  steep  cradients  are  not  suitable  for 
curves,  and  the  powerful  engines  required,  on  ue  necessarily  shoct  wheel  baas, 
unsteady  action,  whilst  tha  great  weight  has  an  iiguions  lateral  eflEset  and  grinfiig 
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Mtion  00  tlie  wheel,  and  there  u  great  difficulty  in  keeping  the  tubes  and  fire.b€S  ef 
the  boUer  covered  with  water.  So  far,  experience  has  aeemed  to  be  in  faroor  ot  engines 
on  bogies  of  the  Fairiie  trpe. 

In  the  Righi  Bailwaj,  Switzerland,  the  gradient  is  abont  1  in  4.  There  is  a  nek 
nil  in  centre.    The  eogue  has  a  vertical  boiler.    Gange  1  m^tre. 

The  Vesnvios  Railwaj  is  worked  by  a  fixed  engine  and  wire  lopes.  The  indinatioii 
of  the  line  is  abont  50^ 

Arttclb  477,  p.  721. 

Gast-ibon  Water  Pipbs- — It  is  nxnal  to  cast  the  laige  sises,  and  moi&t  of  the 
smaller  sizes,  of  such  pipes  vertically,  the  faucet  end  being  downwards ;  in  some  cases 
the  smaller  sizes  are  cast  on  a  slope,  slightly  inclined  to  the  horizontal. 

The  lengths  of  pistes  vary  from  12  to  6  feet  exclusive  of  the  faucet. 

The  pipes  are  coated  by  dipping  them  into  pans  containing  a  boiling  composition  ol 
pitch  ana  oil. 

The  **  turned  and  bored  "  ioint  is  largely  used ;  the  parts  to  be  fitted  being  turned  to 
gauges  of  a  suitable  taper  (about  1  in  32).  Anticorrosive  paint  or  Portland  cement  is 
used  for  coating  the  turned  parts  befure  driving  home. 

Articles  366  and  377,  pp.  520  and  548.    See  also  Articlr  158,  p.  287. 

The  following  notes  on  American  Bridge  Practice  are  taken  from  The  IVanMctionf 
of  the  American  Society  of  Civil  Engineers,  VoL  VIII. : — 

**  American  bridges  are  ^nerallv  built  up  from  the  following  individual  members, 
most,  if  not  all  the  mechanical  work  upon  toem  being  done  in  the  shop.  1st.  Chord 
and  web  eye-bars;  ronnd,  square,  or  fiiat  bars,  with  a  head  at  each  end,  lormed  by  some 
process  of  foning.  These  are  tension  members.  2nd.  Lateral,  diagonal,  and  counter 
rods.  3rd.  Fli>or-beam  hangers.  4th.  Pins.  fith.  Lateral  struts.  6th.  Posts.  7th. 
I'op  chord  sections.  The  last  three  being  columns  formed  by  rivetting  together  various 
rolled  forms;  plates,  angles,  channels,  1  twams,  &c.  Some  are  square-ended,  otbers  pin- 
connected.  These  are  compression  members.  8th.  Floor-beams  and  stringers.  These 
consist  either  of  rolled  beams,  rivetted  plate  girders,  or  occasionally  ot  lutticed  or 
trussed  girders.  The  proportion  of  depth  to  span  iu  American  bridges  is  from  one^fiflh 
to  one-seventh. 

**  In  top  chords,  posts,  and  stmts  the  strains  an  oalcolated  by  a  modification  of 
Backiue's  formula,  as  follows  :— 

p=: — = —  for  s|uare-end  compression  memben. 
^■*"4U000  r« 

p^  — = —  for  oomprenion  memberB  with  oce  pin  and  one  square  end. 
^+30000  r« 

ps  — j^ —  for  compression  members  with  pin  bearingB. 


1+ 


2UO0O  1^ 


where  p  =  the  allowed  compression  per  square  inch  of  nrosa  sectloii. 
I  =  the  length  of  compression  member,  in  inches.^ 
f*  s  the  least  radius  of  gyration  of  the  section,  in  inches.** 

Article  480,  p.  685. 

Traction  Engines  are  now  mnch  used  for  the  haulage  of  heavy  articiew,  such  ns 
boilers  and  machinery.    In  India  they  have  been  successlully  used  for  hauling  goods 
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and  passenger  traini  along  the  roads,  at  speeds  vniyhig  from  fbnr  to  dfUtA  miki  p9 
hour.  The  general  design  adopted  is  a  vertical  boiler  and  geared  engines,  the  wbols 
resting  on  a  c^  carried  by  three  wheels,  the  front  wheel  being  ased  for  goiding  ths 
engine.  The  wheels  are  fitted  with  India-rubber  Ures,  protected  mm  wear  by  iron  sboe^ 

Abticlb  410,  p.  614. 

DnKiKSixo.— The  laige  dredgers,  aa  now  used  on  oor  rivers,  will  lift  about  600  toes 
of  material  per  hour. 

Barge  lending  dredgers  of  60  to  70  nominal  H.P.,  dredging  from  6  to  80  feet  «f 
depth,  will  lift  about  8000  tons  of  material  per  day.  

Hopper  dredgers  of  100  nominal  H.P.,  dredgint;  at  same  depth,  will  lift  abont  SON 
tons  of  material  and  deposit  same  6  to  7  miles  off  per  day. 

Abticlb  431  a,  p.  C44. 

Oo^cTiNUOus  Brakes  for  Railway  Trains.— The  use  of  brake  poirer  is  nov 
considerably  extended  in  railway  traffic,  and  instead  of  the  brakes  being  only  applied 
on  tender  and  guard^s  van,  the  apnlication  has  been  extended  to  the  caxriai^  com* 
posing  the  train.  Very  considerable  resistance  is  thus  obtained,  and  eooseqoeat 
cessation  of  motion  at  a  much  earlier  period.  Various  forms  of  coutinnons  brake  ure 
been  tried  recently,  and  the  results  of  the  experiments  are  familiar  to  engineers.  Sotne 
of  the  various  forms  are  the  screw-brake,  chain-brake,  vacunm-brMke,  hydnmlie-bnice^ 
end  compressed-air-brake,  in  all  of  which,  by  means  of  mechanism  extendiag  b(»liv 
the  carriages  and  actuated  by  the  engine-driver  or  guard,  the  whole  or  part  of  tbe 
wheels  of  the  train  can  be  braked.  In  the  first  two  methods,  rigid  or  flexible  bodies 
are  employed  to  transmit  the  power  required,  whilst,  in  the  others,  the  same  object  is 
accomplisQed  through  the  medium  of  fluids.  In  the  hydraulic- brnke,  water  at  a  faij;h 
pressure  from  a  pump  on  the  engine  is  conveyed  by  a  pipe ;  in  the  vaconm-bnke  tiie 
air  is  removed,  and  m  the  air-brake  the  air  is  forcoa  under  pressure  to  tbe  points 
reqnired.  In  the  automatic  arrangemeots,  whether  of  air  or  vacnnm,  there  are 
reservoirs.  It  has  been  found  desirable  to  adopt  reservoirs  or  vessels  having  pistras 
immcdi»telj  in  connection  ivith  the  brake  blocks,  the  object  in  the  automatic  amn^ 
ments  being  to  keep  up  a  certain  condition  in  tbe  chambers,  whether  of  pressnre  or 
vacuum,  by  which,  if  destroyed  either  intentionally  or  accidentally  (as  thraogii  tbe 
breakage  of  a  {Mpc),  the  braking  action  may  at  once  take  place. 

In  some  cases  \\  seconds  is  sufficient  to  apply  the  brakes,  and  fast  trains  can  be 
stopped  in  about  300  yardsL 

Article  207,  p.  844. 

Dynamite,  a  panty  substance  composed  of  nitro-glycerine  and  an  absorbent  eazth,  b 
now  1  rgcly  used  as  an  explosive.  It  is  especially  effective  in  br^sakin^  up  larce  stones, 
blocks  of  metal,  roots  of  trees,  &&,  and  is  of  great  service  for  operationa  under  water. 
SniHller  boe  holes  are  reouired  than  for  gunpowder,  and  only  loose  tamping,  such  » 
sand  or  water,  is  employea.  In  many  cases,  such  as  in  breaking  np  boulder  stones,  tbe 
cartridge  is  simply  laid  on  tbe  top  of  the  stone,  and  covered  with  clay  or  sand.  It  buns 
when  in  a  loose  state  on  the  application  of  a  match,  and  explodes  wUh  great  Tiolcacs 
when  fired  by  a  detonating  fuse. 

From  experiments  by  Major  Morant,  R  E.,  India,  it  appenni  that  only  one-half  tbs 
quantity  of  dynamite,  and  one-tbird  of  the  number  of  bore- holes,  is  required  to  retccve 
the  sume  quantity  of  rock  as  when  gunpowder  hi  used.  For  quarrying  purposes  pa.- 
powder  appears,  however,  to  be  prcfencd  to  dynamite,  as  having  less  Mattering  tStA 
on  the  rock. 

One  great  advantage  in  using  dynamite  is  that  in  many  cases  it  can  be  nsed  withort 
bore -holes,  and  when  these  are  used  very  shallow  ones  are  found  snflldent,  and  do  mt 
require  tamping;  with  deep  holes,  clay  or  sand,  tamping  appears  most  suitable. 
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Abticlb  110,  p.  171. 

COEFFICRST  OF  FRICTION.— Fioxn  ezperimeiits  made  bj  Capt  Douglas  Galton, 
C.B.,  F.R.S.,  on  the  effect  of  brakes  upon  raUwaj  trains,  it  appeals  that 

(1.)  The  retarding  effect  of  a  wheel  sliding^  upon  a  rail  is  not  mach  less  than  when 
braked  with  sach  a  force  as  would  just  allow  it  to  continue  to  rerolTO,  the  distance  due 
to  frictbn  of  the  wheel  on  the  nul  being  onlj  about  ^  of  the  friction  between  the  wheel 
and  the  brake  blocks. 

(2.)  The  coefficient  of  friction  between  the  brake  blocks  and  the  wheels  Taries 
inversely  according  to  the  speed  of  Uie  train ;  thus,  with  cast-iron  brake  blocks  on  steel 
tiies,  the  coefficient  of  ihction  when  just  moving  was  '380, 
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AsncLB  378,  p.  388. 

From  a  Report,  drawn  up  by  a  Committee  composed  of  Engineers  and  scientific  men, 
as  to  wind-pressure,  the  following  conclusions  have  been  arrived  at  * : — 

(1.)  For  railway  bridges  and  viaducts,  a  maximum  wind  pressure  of  66  lbs.  per  square 
foot  should  be  assumed  for  the  purposes  of  calculation.  (2.)  That  for  girders  with 
closed  sides,  and  as  high,  or  higher,  thun  the  top  of  railway  vehicles,  the  full  pressure 
of  66  lbs.  should  be  employed  for  the  whole  vertical  surface  of  one  girder,  and  that 
where  the  girder  is  not  as  tiiKh  as  the  vehicles,  the  surfaco  should  be  taken  ss  that  of 
the  leneth  of  the  girder  by  the  height  from  the  bottom  thereof  to  the  top  of  the  vehicle. 
(8.)  That  for  lattice  or  open  girders,  the  pressure  of  56  lbs.  should  be  spplied  to  one 
g;irder,  as  though  tho  girders  had  closed  siaes  from  the  level  of  the  rails  to  the  top  of  the 
train,  and  the  same  pressure  to  be  applied  to  the  actual  ironwork  area  below  the  level 
of  the  rails  and  above  the  top  of  the  train.  The  pressures  to  be  applied  to  the  inner  or 
leeward  girder,  one  only,  in  addition  to  the  above,  relate  only  to  the  actual  vertical  area 
of  ironwork  below  the  rails  and  above  the  train,  and  are :  a.  28  lbs.  per  square  foot, 
when  the  open  spaces  are  not  more  than  two-thinu  of  the  area  included  withm  the  out* 
line  of  the  girder;  6.  42  lbs.,  when  the  open  spaces  are  between  two-thirds  and  three- 
fourths  the  whole  outline  area ;  and  c.  56  lbs.,  when  the  open  spaces  are  greater  than 
three-fourths  of  the  whole  area.  (4.)  The  pressure  on  arches  and  piers  should  be 
ascertained  in  conformity  w  ith  these  rules.  And  (5.)  a  iactor  of  4  should  bo  employed 
in  all  these  cases  in  calculating  the  necessary  strength,  except  when  wind  preaciure  is 
Goonteractcd  by  gravity  only,  then  a  factor  of  2  is  considered  sufficient. 

Abticle  410,  p.  613. 

Some  of  the  dredgers  used  on  the  River  Clyde  measure  161  feet  long  by  29  feet  broad 
and  10  feet  deep,  and  have  enpnes  of  75  nominal  horse-power.  They  can  dredge  in  28 
feet  of  water  and  are  fitted  with  a  single  bucket  ladder.  With  such  a  machine  upwards 
of  4U0.O00  tons  of  material  have  been  dredged  during  a  year's  work,  extending  to  about 
2,700  hours. 

Some  of  the  double  bucket  ladder  dredcers  measure  156  feet  long  by  82  feet  broad  and 
10  feet  deep,  the  engines  being  50  nominal  horse  power,  and  can  dredge  in  82  feet  of  watar. 
A  year's  work  of  tboui  2500  nours  gives  about  o83,000  tons  of  material  raised. 


*  See  7^  Engineer  of  26th  August,  1881. 
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Abticle  iS5,  p.  656. 

The  gauge  or  distance  between  the  rails  as  now  nsed,  is  somewhat  varied ;  tiras,  k 
England  and  Scotland  it  is  asaall3r4  feet  8}  inches  although  the  Festiniog  Railway  k 
Wales  has  a  gaoge  of  1  foot  11^  inches.  In  Ireland  it  is  6  feet  3  inches;  'n  Spam  5 
ftet  6  inches  {  in  Indw  2  feet  6  inches,  8  feet  3}  inches  (i.e.,  metre  gauged  and  5  feet  € 
inches ;  and  recently  in  Canada  a  railway  has  been  constructed  of  3  feet  6  inches  gauge — 
the  rails  weigh  66  lbs.  per  yard,  and  are  flat  bottomed,  being  fastened  to  the  sleepers  bj 
spikes.    The  gange  in  the  United  States  is  prindf ally  4  feet  8^  and  4  feet  9  and  5  feet. 

Article  864,  p.  519. 

From  a  comparison  of  the  strength  of  iron  and  steel  wire  ropes,  it  appears  that  the 
steel  rope  is  nearly  donble  the  strength  of  Uie  iron  rope.  The  followlDg  torarala  appcaa 
to  gtye  the  breaking  strength  of  wire  ropes  soffideutly  accurately  for  practical  pnrposet 


L  s=  14  X  f  ^  )   for  iron  wire  ropea. 
^=25x(^)2    .,  steel       „ 


Where  L  ^  breaking  load  in  tons,  and  C  =  circumference  of  rope  in  mdica. 
VS  hen  the  speed  of  working  is  high,  one-tenth  of  the  breaking  load  should  be  tsken 
the  working  Ioad« 
The  same  rule,  as  applied  to  hemp  ropes,  gives 

Article  882,  p.  573. 

The  East  River  Bridge,  New  York,  is  on  the  soapension  principle,  having  a  i 
span  of  1,595  feet  6  inches.  There  are  4  cables,  esch  of  which  oontains  5,296  j 
galvanised  steel  oil-coated  wires,  wrapped  together,  making  a  cylinder  15f 
diameter.  The  ultimate  strength  of  such  a  cable  is  estimated  at  12,200  tons.  Tha 
height  of  towers  above  high  water  is  278  feet^  giving  a  dear  height  at  eantie  of  ipsn, 
at  90°  Fak,  of  135  feet. 

The  new  Forth  Bridge,  erecting  at  Queensfeny,  will  have  two  main  tptam  of  1,780 
feet  each,  and  is  to  be  constmcted  of  steel,  on  the  bracket  system,  having  a  eeotnl 
intermediate  girder,  over  800  feet  long,  in  eah  main  span^  reating  on  the  ends  cf  the 
triangular-shaped  brackets  or  cantilevers,  llie  height  of  bndge  at  centre  of  span  absvt 
high  water  is  150  feet. 

The  Douro  Bridge,  near  Oporto,  is  the  largest  example  of  an  ardi-rib  bridge  yet 
constructed,  the  central  span  being  620  feet,  and  the  weight  of  uron  in  the  ar^  aloM 
504  tons. 

The  I^gara  Cantilever  Railway  Bridge  is  910  feet  long;  the  two  eantileTen  bsiac 
395  feet  each,  and  the  intermediate  span  120  feet.  The  towers  are  oonstraelad  d 
braced  work,  130  feet  high,  and  rsst  on  masonry  piers  89  feet  hidL  Tte  dnlk 
of  the  Cantilever  truss  over  the  towers  is  56  feet ;  at  shore  end  21  feet,  and  at  mar 
end  26  feet  The  trasses  are  18  feet  apart  Factor  of  Safety  6.  Steal  nd  koi 
are  uaed  in  the  oonstrnction. 

A  bridge  of  somewhat  pecoUar  oonstniction  has  noently  been  <uaitiudad  il 
Pittsburgh,  in  America.  The  main  featnrs  eonasta  in  two  laixe  tiiMisu  of  809  ta 
span  each.  Thess  trusses  are  somewhat  of  the  Bowstring  pattern,  only  the  beer 
member  is  curved,  both  top  and  bottom  members  beinf|  arcs  of  cirdaa.  The  depth  if 
trusses  at  centre  is  50  feet  The  upper  member  consists  of  four  steel  platea,  ahott 
1  foot  deep,  stifiened  by  4  x  4  angles.    The  lower  member  is  compoesd  ec  bars,  abssi 
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28  feet  \ong.  The  whole  trass  is  dWided  into  eleven  hays  or  panels  b^  yertical  pieces 
and  cro>8-brncing.  The  ends  of  each  truss  are  fastened  to  the  top  of  a  pillar  29  feet 
above  top  of  piers.  The  roadway  is  carried  by  suspenders  from  the  main  trusses,  the 
lower  part  of  which  just  ttmches  the  rosdwar  at  centre  of  span.  Steel  plates  were 
mainly  used  in  the  oonstroction,  as  also  steel  rivets  and  pins  for  connections.  The 
quality  of  the  steel  used  was,  for  compression  members,  ultimate  strength  from  80,000 
to  9U,U00  lbs.  per  square  inch,  with  an  elastic  limit  of  from  60,000  to  65»000  lbs.  per 
square  inch.  Fur  tension  members,  ultimate  strength  from  70,000  to  80,000  lbs.  per  8<)aare 
inch,  with  an  elastic  limit  of  45,000  to  60,000  1&.  per  square  iuch.  From  experiment 
it  appeared  that  the  loss  of  strength  round  the  rivet  holes,  due  to  punching,  was  partly 
restored  by  the  annealing  effect  of  the  hot  rivets,  so  that  any  special  reaming  of  thia 
bolM  was  dispensed  with.* 

Abtiole  150,  p.  227. 

Corrnvnied  Flnen. — ^From  recent  experiments  on  steel  corrugated  floes  by  Mr*. 
Parker,  of  Lloyd's,  the  ioUowing  formnls  are  proposed  for  strength  :— 

Ultimate  crushing  strength  in  lbs.  per  square  inch= — -    ,^  9 

where  t  is  the  thickness  of  plate,  and  d  the  mean  diameter  of  furnace. 

Working  strength  in  lbs.  per  square  inch= n~~~^» 

where  T  is  the  thickness  of  plate  in  sixteenths  of  an  inch,  and  D  the  greatest 
diameter  of  the  furnace  in  inches.  With  the  latter  rule  the  margin  of  safety  appears 
to  be  fully  5. 

The  experiments  were  carried  out  with  a  flue  having  a  corrugation  1}  iuch  deep 
and  6  inches  apart.  The  steel  plate  showed  a  tenacity  of  22*7  tons  per  square  inch^ 
with  an  elongation  of  85  per  cent,  in  a  length  of  10  inches. 

Article  311,  p.  450. 

Preaerrnf !•■  of  Timber  for  railway  sleepers,  &&,  from  decay  is  attempted  by 
▼arious  processes.  Kyani^ing  consi&ts  in  the  immersion  of  the  timber  in  a  solution 
of  corrosive  sublimate^  in  the  proportion  of  1  part  of  sublimate  to  100  parts  of  water, 
the  wood  being  left  m  the  solution  for  two  days  and  upwards,  acooniing  to  thick- 
ness. In  another  process  chloride  of  sine  is  used.  Greosoting  consists  in  first  placins; 
the  timber  in  a^  cylinder  and  applying  superheated  steam,  and  thereafter  establish- 
in:'  a  vacuum  in  the  cylinder;  by  these  operations  the  sap  is  withdrawn,  wh  n  a 
**dead  oil,"  containing  creosote  heated  to  about  160%  is  forced  at  a  pressure  of  about 
20  lbs.  into  the  cylinder,  and  fills  up  the  space  from  which  the  sap  has  been  ramoved. 
This  process,  however,  varies  with  the  condition  of  the  wood  when  used.t 

Abticls  888,  p.  585. 

JHancnaeae  Bronse. — The  strength  and  freedom  from  corrosion  of  manganese 
bronxe  constitute  it  an  excellent  material  for  screw  propellars,  as  blades  of  fighter 
section  can  bd  used  than  are  required  for  steeL 

The  transverse  strength  appeara  to  be  about  double  that  of  gun-metal  and  steel, 
and  its  tensile  strength  varies  nrom  24  to  40  tons  per  square  inch. 

Article  480,  pp.  635,  639. 

Cable  TraMwaya.— Cable  tramways  have  now  been  used  with  soooeMfol 
results  in  some  of  the  large  cities  in  the  United  States. 

In  San  Francisco  an  endless  steel  wire  rope,  8|  inches  in  drcomferenoo  and  11,000 
feet  long,  is  supported  on  sheaves  11  inches  in  diameter,  placed  38  fiMt  apart^  Uw 

t  For  further  InronnatioQ  on  ths  presscfstionof  timber,  see  IWbm.  Anmriemik  Smktf  9f 
fiee  iWuM.  ImL  Engimrt  and  aMpbuUdv  in  ScoUand^  TeL  XZT. 
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wbole  lying  in  an  iron  tube  placed  between  the  car  rails  and  beneath  the  roadway,  far 
vhtch  an  opening  of  about  three^quartera  of  an  inch  wide  is  left. 

Thron|;h  this  opening  the  connection  between  the  car  is  made,  and  eoottsta  of  aa 
aim,  which  grips  the  rope  when  the  car  is  to  be  aet  in  motion.  The  rope  is  kept 
constantly  going  by  meHns  of  a  powerfnl  steam  engine.  Additional  sheaves  art 
arranged  at  changes  of  direction  of  the  rope. 

The  rope  passes  ronnd  grip  pulleys  at  the  engine  boose,  8  feet  in  diameter. 

The  cars  are  said  to  be  more  easily  started  and  brought  to  rest  than  when  draws 
by  horses.  The  stoppage  is  effected  oy  allowing  the  ^^grip"  to  slacken  its  bold  cf 
the  rope,  and  pntting  on  the  brakes 

In  ObicaKO  abont  20  miles  of  these  tramways  are  laid  down,  some  of  the  ropes 
being  over  27,000  feet  in  length.  These  ropes  are  made  of  steel  1^-inch  In  diameter, 
and  have  a  breaking  strength  of  39  tons. 

Strength  of  Leather  BiXTa. ^Ultimate  strength  aboot  3200  lbs.  persq.  inch; 

working  strength  about  one-eighth  of  this. 
2-in^  cotton  rope,  working  strength  =  600  lbs. 

AuTicLE  864,  p.  619. — Strshoth  of  Wires. 

Pore  Copper  wire,    ....    abont  18  tona  per  sq.  inch. 
Phosphor  bronze,      .  .  .  .        „     45   „  „ 

Steel  wire,    .  .  .  .  .    90  to  140   „  „ 

Article  878,  pw  5G0L 

The  cantileTcr  fcrm  of  bridge,  which  has  been  tried  on  sereral  oocasooa  in  AmciieB, 
and  is  now  on  a  great  scale  being  exemplified  in  the  Forth  Bridge,  is  an  eoonondeal  fona 
of  bridge  for  large  spans — viz.,  those  exceedmg  600  feet — ^where  scaffolding  caanoc  be 
erected  to  bnild  the  stmcture. 

The  Niagara  cantilever  bridge  crosses  the  Niagara  Biver  abont  two  milca  be^.cv 
the  Falls,  and  is  close  to  the  Railwav  Snspenuon  Bridge  (illustrated  at  p.  581)l  The 
river  gorge  here  is  about  850  feet  wide  ana  210  deep  to  surface  of  river,  which  flows  a: 
that  piirt  at  the  rate  of  about  16  miles  an  horn*.  The  bridge  was  erected  in  eight 
months.  Each  cantilever  measures  895  feet  in  length,  whilst  ue  intermediate  span  ii 
120  feet 

The  tower  posts,  lower  chords,  centre  and  end  posts  of  cantilevers,  |ana,  and  top 
castings  for  towers  are  of  steel,  the  other  parts  are  mainly  of  wrought  iron. 

The  towers  are  132  feet  high,  and  are  composed  of  four  main  posta  auitably  bracel 

The  upper  diords  or  the  shore  arms  receive  alternate  tensile  and  oompreasive  etnu  i& 

The  bndge  was  designed  for  the  following  live  loads : — 

A  train  on  each  tra(^,  the  engine  having  72,0(J0  lbs.  on  three  pairs  of  drivers,  spaced 
6  feet  between  centres,  the  train  weighing  1  ton  per  lineal  foot. 

A  wind  pressure  of  80  lbs.  per  square  foot,  on  h  train  surface  of  10  sq  feet  per  WnejJi 
foot  of  bridge,  plus  the  same  pressure  per  eq.  foot  upun  the  vertical  surface  of  or:c  »iJe 
ol  ibu  structaru  and  tract. 

Article  378,  p.  660. 

The  tensile  strains  allowed  for  live  loads  in  the  iron  members  are— 10,000  lbs.  per 
sq.  inch  fur  main  ties  and  chord  bars;  laterals  and  away  bracing,  15,000  Iba. ;  chord 
bars  for  wind  strains  =  12,5(10  lbs. 
Jn  compression  the  allowed  ^t^nin  shall  meet  the  requirements  of  Gordon  e  formuljL 
lu  steel  members  the  tensile  strain  per  sq.  inch  allowed  shall  be  aa  foUows: — 

-  -  »^«  /.      ,  minimum  8train\ 

11.000  (^i  +  }„-i55^^^J 

This  result  shall  be  used  in  Gordon's  formula  for  compresdon  as  the  nnmeiatorof  the 
fraction  in  place  of  8UO0. 

The  following  is  a  comparison  of  weights  for  nngle  span  girders,  the  spans  bca^ 
fiiniilar,  and  for  the  cantilever  system  as  used  in  Niagara  Dridge : — 

Two  208  feet  spans,  28U0  lbs.  per  lineal  foot,  .  .        682  tons. 

One  495  feet  span,  6200    „  „  •  .      1584    „ 

2ilC  tooa. 
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For  Cantilever, 
„   Intermediate  span, 
,f  Anchorage,       • 


1606  tons. 
147 
90 


n 


1843  tons. 


Tiie  dead  load  in  the  Niagara  Bridge  is  45  per  cent  or  the  total  load. 
The  modnlns  of  elasticity  for  the  wronght  iron  was  taken  at  26, COO, 000,  and  for  tlie 
Bteel  at  29,000,000  lbs.  per  sq.  inch.* 

Article  884,  p.  584. 

The  tensile  strength  of  lead  for  pipes,  as  determined  hj  Kirkaldy,  is  2159  lbs.  per  f>q. 
inch.  That  this  is  a  good  average  valne  appears  from  the  results  of  experiments  on  the 
fttrength  of  lead  pipes  of  various  diameters  and  thickness.    See  annexed  Table^- 


Diameter. 

Thickneaa. 

Buntlngr 
Pressure. 

Calcniated 
Tenacity. 

Inches. 

i 
1 

Inches. 
•2J 

•20 

•29 

Lbs.  per  sq.  in. 

911 
812 

Lbs.  per  sq.  In. 
2276 

2277 

2100 

The  tenacity,  as  given  in  the  fourth  column,  is  calculated  by  the  formula  for  strength 
of  pipes  /  =^.    (See  Art.  160,  p.  227.) 

Articlb  408,  p.  611. 

The  caissons  used  for  the  foundations  of  the  Forth  Bridge,  now  in  course  of  construe 
tion,  are  70  feet  in  diameter  at  bottom  and  60  feet  at  low  water  level,  the;^  were  sunk  to 
depths  of  70  feet  to  90  feet,  through  the  softer  parts  of  the  bed  of  the  nveTf  until  stiff 
clav  or  rock  was  met. 

The  sinking  was  accomplished  by  the  pneumatic  process,  an  air  chamber  about  7  feet 
liieh  at  bottom,  in  which  tiie  men  worked  under  varying  pressures,  with  suitable  air 
locks  at  top  being  used. 

The  pressures  required  to  keep  out  the  water  did  not,  however,  neoeasarilv  vary  with 
the  bead  of  water  outside.  No  inconvenience  was  felt  by  the  workers  so  long  as  the 
pressure  did  not  exceed  about  18  IVa  per  sq.  inch.  Alwve  this  sickness  was  experi- 
enced, the  ill  effects  being  more  notit  eaMe  on  passing  out  of  the  air  chamber.  Authontiee 
on  this  subject,  therefore,  suggest  that  the  change  from  the  greater  ahr  pressure  of  the 
chamber  to  the  open  air  should  be  made  slowly. 

The  caissons  were  formed  of  a  steel  shell,  having  a  steel  cutting  shoe  at  bottom,  the 
whole  being  filled  up  with  concrete  and  capped  by  granite  masonry. 

Groups  of  four  or  these  constitute  the  main  piers  on  which  the  superstructure  of  the 
bridge  rests. 

The  excavation  was  mainly  done  by  hydraulic  power,  the  working  chamber  bdng 
lighted  by  electricity. 

Article  428,  p.  688. 

Tlie  Elevated  Railway  in  Kew  York  is  carried  along  some  of  the  prlndple  streets,  and 
is  arrapged  for  both  single  and  double  traffic.  At  first  it  was  intended  to  work  it  as  a 
cable  road,  but  that  being  found  impracticable  locomotives  were  adopted.  The  road  is 
carried  on  iron  posts,  nuide  up  either  of  channel  irons  braced  or  of  hollow  iron  posts 
tilled  with  cement  mortar.  These  posts  are  fixed  on  the  outside  of  the  pathway,  about 
the  line  of  the  kerbstones,  and  are  placed  about  40  fit.  apart.  Girders  of^  the  zig-zag  or 
AVarren  tvpe  rest  upon  them,  on  which  the  sleepers  are  laia.  The  locomotives  and  carriages 
are  small,  the  latter  being  seated  and  arrangea  like  a  tram-car.    The  gauge  is  4  ft  8|  m. 

*  See  TraTU,  American  Society  of  Civil  JSngineen,  1885, 
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Article  430,  p.  639. 

The  weight  of  American  locomotives  for  goods  traffic  is  heavier  thaa  for  the 

dasB  in  this  countrj.  Goods  engines  weigh  as  much  as  forty-eight  tons,  hanng  eight 
oonpled  driving-wheels  of  60  inches  diameter.  The  largest  driving -wheda  in  use  for 
paaaenger  engines  are  6  feet  6  inches  ooupled.  The  driving-wheels  are  oommoolj  made 
of  cast-iron,  with  steel  tires  pressed  or  ahrnnk  on.  ^       .    ,  .        , 

The  following  are  some  of  the  leading  dimensions  of  tjputal  paaeei^ger  eE^atti  « 
British  and  American  design:— 

British. 


Diameter  of  Gjrimder, 
Stroke,    .... 
Dia.  of  Driving-wheels  coupled, 

,,    of  Bogie-wheels, 
Wheel  base, 
Heating  Surface  in  Tubes, 

„  in  Fire-box, 

Fire-grate  Area, 
Diameter  of  Tubes  ^Copper), 
Boiler-shell— Yorkshire  Iron, 


Weight  on  Bo^e, 

on  Driving-wheels, 
on  Trailing-wheels, 


»9 
•  9 


=  18  in. 
24  in. 
7ft2in. 
3  ft.  4i  in. 
21  ft.  2}  in. 
905  sq  ft. 
82  sq.  ft.. 
14  ft.  7  in. 


AMBRIGHr. 

=  18  in. 
24  in. 
6  ft.  6  UL 
2  ft,  9  in. 
22  ft.  7|  in. 

\  1205  sq.ft. 

85  sq.  ft.  for  Ar.thradte  oosL 
18  in.  wrought  iroo. 
3  in.  steeL 


Toss. 
12 

15 
14 


Gwts. 

4 
0 
3 


41 


41 


The  tractive  force  is  from  90  to  100  lbs.  per  pound  of  effective  pressure  on  pistau. 

The  tractive  force  in  lbs.  of  a  locomotive  engine  may  be  found  by  the  mle  T  =    ^. 

Where  d  =^  dia.  of  cylinders  in  inches. 
{  =  stroke  in  inches. 

S=  effective  pressure  of  steam  in  lbs.  per  sq.  inch. 
=  dia.  of  driving-wheels  in  inches. 


Article  512,  p.  753. 

During  storms  in  the  North  Atlantic  waves  sometimes  extend  to  500  or  600  iee* 
and  last  from  10  to  11  seconds.  v  •  ^.    *.         . 

The  extreme  height  appears  to  be  48  feet,  but  the  average  height  of  great  waves  is 

about  80  feet.  .     .  ,      m 

The  height  of  waves  in  different  seas  have  been  estimated  as  foUows : — 
In  Nortii  Atlantic,  from  24  to  43  feet;  Bay  of  Biecay,  36  feet;  Pacific  Ooeui,  S2 

feet;  South  Atlantic,  22  feet;  Mediterranean,  16 feet;  German  Ocean,  13 ftet;  arooad 

the  Briti^  coast,  about  8  or  9  feet. 

Articlb  890,  p.  588. 

The  Mount  Cenis  and  St.  Gothard  Tunnels  are  about  7  and  9  miles  long  respectively,  and 
were  cut  through  the  rock  bv  means  of  drills  driven  by  air  comnressed  by  water  poww. 
On  account  ot  tho  ends  of  the  Mount  Cenis  Tunnel  b«ng  visible  from  the  Mumnit,  the 
ranging  ot  the  centre  line  w  as  accomplished  by  means  of  a  telescope  set  m  a  toww.  The 
St.  Goihard  Tunnel  was  set  out  by  connecting  the  ends  by  a  series  of  tnan^es,  tte 
intervening  ground  preventing  a  direct  observation,  as  in  the  ff»nn«  cas^ 

The  Mersey  and  Severn  Tunnels,  recenUy  completed,  are  about  *?  "n^*t™*  **5 
respectively,  of  which  about  one-half  in  each  case  is  under  water.  The  Meney  Tonwi 
is  26  ft.  Hide  and  23  ft.  high;  ii  is  cut  through  sandstone  rock,  and  lined  with  bnokm 
cement.  The  Severn  Tunnel  passed  through  sandstone  and  shale;  it  is  26  &  wide,  the 
lining  bemg  brick  in  cement  2  to  8  ft.  in  thickness. 
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AancLB  450,  p.  685. 

Flow  -op  Watsb^— Tb«  fommlsB  v  =  8*026  \^Tfj  ff^^  <>n  P*  685,  sre  <mty  suit- 
able for  long  lengths  of  pipes,  where  the  ratio  of  2  to  A  is  great 
For  Tery  short  lengths,  where  the  ratio  of  { to  A  approaches  to  equality,  the  formula 

will  take  the  fonn  of  »  =  8-026  \L  ^f  ^,. 

ARTTCT.K  7,  p.  6. 

Ordkance  Datum.— The  datum,  from  which  the  levels  noted  on  the  ordnance 
plans,  referred  to  at  p.  5,  are  reckoned,  is  the  mean  tide-level  at  Liverpool,  and  mav  bo 
stated  as  a  point  situated  at  a  height  of  4*67  feet  above  the  level  of  the  old  dock  sill  at 
liverpooL 

AsTiCLK  888,  p.  685. 

Phosphor  Bron23c— This  metal,  an  alloy  of  copper,  tin,  and  phosphoms,  is  found 
to  possess  a  high  tensile  strength  and  great  endnrance  as  regards  wear,  and  is  being 
used  principally  for  bearinss  and  machinery. 

The  various  strengths  of  this  metal  appear  to  vary  fix^Hy  according  to  the  propor- 
tions of  materials  used,  hence  difiEerent  alloys  are  employed  for  different  classes  or  work ; 
the  range  of  ultimate  tensile  stren^h  being  from  22,000  lbs.  to  57,000  lbs.  per  square 
inch,  whilst  the  ultimate  compressive  strength  varies  from  about  21,600  lbs.  to  4d,000 
lbs.  per  square  inch. 

It  also  appears  that  wire  made  of  this  metal  possesses  the  quality  of  high  tensile 
strength. 

Article  495,  p.  734. 

The  Aoou]n7iiATOR.^The  application  of  hydraulic  power  ibr  the  transmission  of 
pressure  is  of  much  importance  to  the  engineer.  Machines  for  rivettmg,  punching,  and 
shearing  iron  plates  can  be  worked  by  this  means,  and  heavy  loads,  such  as  swing 
bridges,  cranes,  hoists,  &c.,  are  also  readily  moved  by  hydraulic  machinery. 

The  pressures  used  are  very  high,  and,  to  obtain  these,  recourse  is  had  to  an 
"accumulator.*'  The  accumulator  is  on  the  principle  of  the  hydraulic  press^viz., 
a  movable  weighted  plunger,  raised  by  the  action  of  force-pumps.  The  movable 
part  can  be  loaded  witn  what  weights  are  necessary,  and  raised  by  the  pressure  of  the 
water  forced  into  the  cylinder  in  which  the  plunger  works :  the  pressure  of  the  water 
will  then  correspond  to  the  load  which  it  supports.  By  means  or  a  separate  pipe  lead- 
ing to  another  plunger  or  piston  connected  with,  say,  the  die  of  a  rivetting  machine, 
hydraulic  connection  is  maintained  with  the  cylinder,  and  thus,  when  the  stroke  of  the 
die  is  made,  a  corresponding  fall  of  the  weightea  part  also  takes  place,  whereby 
a  sudden  expenditure  of  the  work  previously  accumulated  is  brought  about.  Variations 
in  pressure  and  lengths  of  stroke  are  necessary  for  different  operations ;  in  rivetting 
machines,  however,  a  load  of  5  tons,  having  a  fall  of  about  2  feet,  under  a  pump 
pressure  of  1,500  lbs.  per  square  inch,  is  sufficient  with  a  travel  of  die  of  2}  inches  to 
dose  up  a  rivet,  the  final  pressure  on  the  die  being  about  40  tons. 

Htdravlxo  Bam. — ^By  means  of  the  hvdraulic  ram,  water  at  a  low  head  may 
be  made  available  for  raising  a  portion  of  tne  same  water  to  a  higher  level  than  tlie 
supply. 

The  action  of  this  machine  depends  upon  utilising  part  of  the  energy  of  the  supply- 
water  in  dosing  a  heavy  clack-valve,  and  in  compressing  air  in  air-vessels  connected 
by  clack-valves.  During  this  process  a  loss  of  water  takes  place,  as  the  dosing  of  the 
heavy  dack-valve  is  dependent  upon  the  increased  velocity  of  flow  due  to  this  waste. 
When  the  valve  shuts,  tne  outflow  is  stopped,  snd  the  energy  of  the  water  is  now  spent 
in  compresdng  tbe  air  in  the  air-vessels,  by  which  means  part  of  the  water  is  forced 
upwards  through  the  delivery  •pipe.  As  the  velocity  of  the  winter  has  now  been  reduced, 
the  heavy  dack-valve  £fUls,  and  the  process  is  repeated. 
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As  the  efficiency  of  such  a  machine  will  be  the  nsefal  work  peiftnned  in  nisng  thi 
water  above  the  reeerroir,  divided  hj  the  work  dne  to  the  fall  of  the  wat«r  run  to  wasted 

the  ratio  %-n  will  represent  the  efficiency,  where  H  —  fall  from  xaerroir  to  run, 

h  =  height  of  delivery  above  reservoir,  Q  =  quantity  nin  to  waste,  q  =-  mustitj 
delivered.  The  results  as  to  efficiency  di&r  considerably,  depending  on  mecnamsm, 
and  proportion  of  height  of  fall  and  height  of  delivery ;  the  best  results  appearing  to  be 
obtainea  when  the  proportion  is  as  1  :  lU:  the  emdencr  so  obtained  will  be  aboot 

•6,  and  consequently  q  =  — ^—  , 

AuTicLE  354,  p.  503. 

The  floating  of  solid  on  molten  cast  iron,  referred  to  at  p.  503,  arises  from  inoesaa 
in  balk  of  the  solid  due  to  rapid  expansion  on  being  placed  in  the  molten  iron.  This 
can  be  readily  proved  b^  measuring  the  solid  piece  before  and  after  it  has  been  ia 
contact  with  the  molten  iron.  This  expansion  is  at  least  equal  to  the  whole  oontractioa 
in  cooling  from  the  molten  to  the  cold  solid  condition. 

No  condnsion,  however,  can  be  directly  drawn  from  this  in  favour  of  expansion  ia 
the  mould  on  setting,  as  the  temperature  of  the  floating  solid  piec»,  il  removed 
immediately  from  the  molten  iron,  ia  much  below  that  of  the  melting  point,  as  shown 
by  pieces  of  lead  remaining  uninelted  when  placed  upon  them,  and  adso  by  these 
retaming  their  crystalline  character  when  broken  across.  The  sharpness  of  an  iroa 
casting  is  due  principally  to  the  fluidity  of  the  metal  and  condition  of  the  mould.  The 
breaking  of  the  skin  of  a  piece  of  cast  iron  under  stress  does  not  seem  necessarily  to 
weaken  the  piece,  as  in  many  cases  t^t-bars,  with  the  skin  wholly  removed  by  planiBg, 
give  quite  as  good  results  as  those  cast  from  the  same  iron,  but  left  ontoucbed. 

Article  225,  p.  870. 

In  testing  cements  by  making  up  halls  from  a  stiff  psste  of  the  material,  it  is 
necessary  to  let  the  ball  stand  m  air  for  a  short  time  so  as  to  obtain  a  sk^befive 
placing  It  in  the  water.  Thus,  with  a  hot  or  quick  setting  Portland  cement,  tbt  ball 
may  require  to  stand  for  about  ten  minutes,  whiUt  with  a  cool  or  slow  settiog  ctaaA^ 
at  least  double  thb  time  is  required. 

Cements  are  tested  for  strength  by  miziDg  a  quantity  of  the  material  in  a  modi 
vriih  water,  so  as  to  form  a  stiffish  paste ;  aner  a  short  exposure  in  air  it  is  placed  ia 
water  for  seven  days,  at  the  expiration  of  which,  the  now  hardened  cement  or  test- 
brick  cm  be  broken  by  tension. 

Good  Portland  cement,  when  treated  in  this  way,  should  ffre  at  least  350  Iba.  per 
square  inch  as  the  tensile  strength. 

Abticlbs  446,  p.  674;  447,  p.  678;  and  477,  p.  722. 

The  hydraulic  pressure  may  be  briefly  stated  as  the  difference  between  tha  hydie* 
Btatic  pressure  ana  the  loss  or  head.  These  values  being  taken,  aay  in  feat|  at  ai^ 
point  in  the  line  of  pipe. 


"Water   Level 

mgir 


In  Reservoir 


If  these  values  of  hydraulic  pressure  be  set  off  vertically  from  such  points  ia  the  lise 
of  pipe,  and  a  line  (frawn  joining  their  extremities,  this  will  be  the  line  qf  wfmtl 
declivity. 


APPENDIX.  805 

In  the  annexed  fig ,  H  is  the  hydrostatic  pFessnre,  h  the  loss  of  head,  and  p  the 
hydranlio  pressure,  and  therefore  p  =  H.  -  h,    P  being  any  point  in  line  of  pipe. 

-^xampfe-I^  A  =  2~^    (See  (2),  p.  685.) 

Then  we  have  p  =  H  -  25W^'    ^^  ^  =  ^^  ^>  ^  =  ^^^  it,  <{=  J  foot,  and 
v  =  ift  per  second. 
Then  p  =  200  -  ^  ^  25oS  ^  ^  "^  ^^^'^  ^  *'  '^'  hydranKo  pressnre. 

Article  477,  p.  723. 

Water-pipes  made  of  wronght-iron  plates  rivetted  together  have  been  tried  in 
America,  notably  at  San  Francisco,  where  a  main  line  ot  pipes,  varying  from  30  to  44 
inches  in  diameter,  was  laid  for  a  distance  of  28  miles.  The  pipes  were  made  in 
28  feet  lengths. 

These  were  coated  by  means  of  a  natural  pitsh  got  in  the  district. 

Thin  steel  plates  have  also  been  used  fur  forming  water-pipes.  The  dnrability  of 
snch  pipes  of  thin  metal,  doubtlcH^,  de[>ead3  upon  the  completeness  of  the  coating  with 
which  tneir  surfaoej  are  protectfil. 
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,      rib^  202,  218,  296. 
Arcnways—Underground,  488. 
Areas— To  meanra,  88. 
Asb,  445. 

Ashlar  maaonrr,  884. 
Asphalt,  876. 
Asphaltio  paTementi,  680. 
Augite,  854. 
Auxiliary  giidfln,  ft79. 
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Backwatsr  from  a  weir,  689. 

Balance  of  forces,  133. 

Ballast— Railway,  663. 

Bar  of  a  harbour— Formation  ot  759. 

„         „     — Scouring  of,  764. 
Barlow  rail,  518,  528,  543,  668. 
Barometer — Levelling  by,  91,  789. 
Barrow— Wheel,  886. 
Basalt,  856. 
Base  of  survey,  18,  68,  803. 

„  — ^To   measure— by  lati- 

tudes, 789. 
Basin— Deep  Water,  766. 
„    — Distributing,  788. 
„    — Scouring,  764. 
Batter  of  chimnevs,  788. 

„      of  a  wall,  392,787. 
Bays— Tides  in,  757. 
Beams,  173. 

—Action  of  load  on,  239. 

— Allowance  for  weight  of,  26L 

—Built,  463. 

—Cast-iron,  257,  261, 263,  524. 

continuous  oyer  piera,  287. 

— Cross-sections  of  equal  strength 

for,  256. 
—Deflection  of  268. 
—Effect  of  Twutfaig  on,  280. 
— Expansion  and  contraction  of. 
281. 
^      fixed  at  the  ends.  282. 
„      —Limiting  lengtn  of,  261. 
„      of  timber — Lengthened,  456. 
„      of  uniform  stren^tb^  259. 
„      — Process  of  designmg,  276. 

— ProporUon  of  depth  to  span  of, 

275. 
—  Besilienoe  of,  278. 
— Shearing  stress  in,  266 
— Sloping,  292. 
—Stiffness  of.  269. 
—Strength  of,  249,  292. 
—Sudden  load  on,  278. 
— To  deduce  itieM  irom  deflection 

of,  296. 
—Travelling  load  on,  247, 
—Wrought  iwn,  258,  265,  526. 
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Beech,  444. 

Bench,  in  earthwoxk,  889« 

,y     marks,  15. 
Bending  moment,  240,  243. 
BesGemer  proceas,  604^608,  798. 
fieton,  873. 

Bttominotts  cement  and  concrete,  876. 
Blasting,  344,  848,  616, 796. 
Blister  steel,  508. 
Block  in  conrse,  886. 
Blocks— Stabiiitj  of,  218. 
Blockvrork  iiinictures,  220. 
Boilers— Strcnsth  of,  227,  799. 
Boiling  point  of  water — Levelling  bj,  98. 
Bolts,  461,  516. 
Bond  in  masonry,  885,  894. 
Bore— Tidal,  768. 
Boring  tools,  382. 
Borings,  10,  331. 
Bowstring  girder,  562L 
Box  beams,  527. 
Bracing  of  frames^  181. 
Brakes— Continnons,  644,  796. 

„     —Railway,  644, 796. 
Brass,  586. 

Breakwaters,  762, 798. 
Bricks— Clay  for,  868. 

—Characteristics  of  good,  866L 
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„     — Expansion  of— by  heat,  867. 
„     — Mannfactnre  of,  365. 
Brickwork — Construction  of,  898. 
—Labour  of,  895. 
— Mensuration  of,  396. 
— SUbilitT  of,  396. 
— $tren(^  of,  366. 
Bridges,  — Braced  iron  arch,  565. 
—Canal,  663,  744. 
—Draw  746. 
— Fnumng  o^  475, 795. 
—Iron,  531,  542,  548,  562,  566, 

570,573,583,  .98,800. 
—Lifting,  746. 
— Load  on  platform  o^  466. 
—Moveable,  745,  752. 
over  rivers,  717,  798. 
—Railway,  658,  .94,  800. 
—Rolling,  746. 
— Stone  and  brick,  418. 
— Suspension,  188, 573. 
—Swing,  746. 
— Timber,  465,  475. 
— Timber  arched,  48L 
Britannia  bridge,  581,  537. 
Bronze,  585,  799,  808. 
Buckling,  235. 
Buckled  plate,  545. 
Building  instruments,  89L 
Bulwarks— Sea,  760. 
BuoyB,  in  marine  surveying  117. 
Booyancy— Centre  of,  165. 
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Buttresses— StabiBty  o^  891 
Bye-wash,  705. 

Gables— Wire,  619, 799. 
Caisson,  611,  801. 

„       gate,  765. 
Camber  of  beams,  481, 530. 
Canals^Bridges  of,  668,  74^ 
—Classes  of,  742. 
— Constmctioa  of,  743. 
crossed  by  railways,  663. 
— Dimenaons  of^  742. 
— Lifts  and  inclined  planes  on,  7i9L 
— Ixicks  of,  746. 
— ^Tannek  of,  745. 
— Water  supply  o^  750L 
Cant  of  rails,  649. 
Carbonates,  368. 
Carbonic  add,  853. 
Carpentry,  487. 

fastenings,  453L 
frames,  465. 
joints,  458. 
Cast-iron,  498,  004. 

„       beams,  261,  524. 
„       pipes,  721, 795. 
Cast-steel,  508, 794. 
Catchwater  drain,  834. 
Catenarian  cnrvea — ^Tables  of  oo-onllaafin 

of,  435. 
Catenary,  195. 

„       — T^msfonned,  200, 418L 
Cedar,  443. 

Cement— Artificial,  872. 
—Mixed,  374. 
—Natural,  871. 
—Strength  of,  874, 793,  804. 
stones — Analyas  of,  867. 
Cementing  materials,'867. 
Centre  of  an  arch,  415.  485,  4931 
of  buoyancy,  165. 
of  gravity,  152.199. 
of  pressure^  163, 165. 
Chain— Balance  of  loaded,  18& 

„    —Surveying,  18. 
Chains— Anchoriog,  576. 

„  and  cables,  519. 
Chairs— RaUway,  665. 
Chalk,  869. 

Channels— Water,  €86. 
Checking  levels,  15. 

Chimneys— Factory,  878,  894,  777, 7Sf. 
Chlorite,  &55. 

„        slate,  357. 
Circle— Reflecting,  65L 
Clay  for  bricks,  363. 
„    puddle,  344. 
„    slate,  359. 
Coefficient  of  friction,  171, 816,  797. 
of  contnictioQi  677. 
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Coeflficient  of  strength,  224, 

Coder-dams,  612. 

CoUapsiog,  288. 

Compass — Use  of— In  snrveying,  67. 

Compensation  water,  782. 

Components  of  a  force,  185. 

Concrete— Composition  of,  878,  876.  486. 
798.  '       »       t       » 

„      foandations,  606. 

„      —Strength  of,  874, 
Conduits,  718. 
Conjugate  stresses,  167. 
Continuons  brakes,  644,  796L 

„         girders,  287« 
Contonr-Iines,  95. 
Contracted  vein,  679. 
Conway  bridge,  531,  59L 
Copper,  468,  585. 
Corrosion  of  iron,  514. 
Corrugated  iron,  543,  799. 
Counterforts,  407. 
Couples  of  forces,  139. 
Coursed  rubble,  886. 
Crib-work,  614. 
Crossbreaking,  236,  249. 
Cross-sections,  97,  708. 

„  ^Scales  for,  7, 

Cmmlin  viaduct,  494,  521,  580,  578. 
Crushing,  232. 
Cubic  coinuressibilitj,  229. 
Culverts— Embanking  over,  841. 

,,      —Stone  and  brick,  488,  708. 
Currents— Tidal — Meaaurement  of,  124. 
Curvature  of  beams,  268. 

„        of  the  earth,  87. 
Cur^'es  of  equilibrium,  186. 
„      on  railways,  648. 
„      —Setting  out,  101,  651 
Cuttings— Earth,  835. 
Cylinders— Thick  holloi»,  228. 

Dams  for  foundations,  &&,  611,  7801 
Datum,  2,  14  117,  803, 
Deflection  of  beams,  268. 
Penat ion-- Powers  of,  11,  65S. 
Dip  of  horizon,  124. 
Distributing  basin,  788. 
„         pipes,  740. 
Diving  apparatus,  616. 
Docks,  765. 
Dolomite,  355,  360. 
Dowels,  388. 
Drain— Catchwater,  884. 
„        pipes,  720,  729. 
Drainage  area,  693. 

„        of  earthwork,  884,  885,  686» 

,,        of  the  country,  724. 

„        of  towns,  728. 
Drawbridge,  746. 
Dredging,  614, 796,  797. 
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Drifts  or  mines,  594. 
Dry  rot  in  wood,  449,  450. 
Dykes— Sea,  760. 
Dynamite,  796. 

Eabth— Adhe«on  of,  815. 

—Dimensions  of  the,  2,  46. 
foundations,  879. 
— Heaviness  of,  317. 
—Natural  slope  of,  316. 
— Pressure  of,  821. 
, ,     —Theory  of  the  stability  of,  318. 
Earth-wagons,  338. 
Earthwork,  315. 

—Distribution  of,  340. 

—Drainage  of,  334,  342. 

— Equalizing  of,  338. 

—Execution  of,  331. 

— Finishing  slopes  of,  344. 

—Labour  of,  336. 

— Mensuration  of,  824. 

— Prevention  of  slips  in,  339. 

— S«tting-out,  113. 

—Strength  and  stability  of, 

315. 
—Temporary  fencing  of,  333. 
under  water,  617. 
Eddystone  lighthouse,  618. 
Eidograph,  127. 
Elastidty  of  solids,  225. 
Ellipse  of  stress,  169. 
Ehn,  445. 

Embankments,  339. 

-Drainage  of,  342. 
— Execution  of,  340. 
in  a  great  plain,  342. 
of  reservoirs,  702,  704. 
on  soft  ground,  842. 
—River,  726. 
—Settlement  of,  889. 
.,  under  water,  617. 

Equilibrium  or  balance,  133. 
„         —Curve  of,  186. 
Erection  of  girders,  534. 
Excavation,  335. 

„         under  water,  614, 796. 
Expansion  and  contraction  of  beams,  281, 
461,  625,  527. 
„       of  materials,  281,  508,  804. 

„        of  stone,  281,  863. 
Exploring;  9. 
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Factobs  of  safety,  222,  361,  45L 
Fascines,  710 

Features  of  the  country— Flying  levels,  93. 
Felspar,  354. 
Fencing,  838. 
Field-book  of  levels,  89. 
of  surrey,  80. 
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Field-work— Anthoritias  oo,  L  UQl 

Filters,  788,  792. 

Fir,  442. 

FirediT,  864. 

Fish  joint,  668. 

Flint,  853, 853. 

Floating  cas'-iron,  508^  804, 

Floodgitos,  716. 

Floods  of  streams,  698. 

Fines— Corrogated,  790. 

FInids,  164. 

Fljing  levels,  9,  9K 

Foot-ponnd,  244. 

Foroes,  133. 

— Line  of  action  of,  184. 
— Parallelogram  of,  185. 
—Polygon  of,  136. 
— Resnltant  of,  135. 
Forms  of  iron  bars,  517. 
Foundations  by  caissons,  611. 
by  weUs,  610. 
—Iron  tubular,  607,  791, 
on  piles,  602. 
—Ordinary,  132,  877. 
—Timber  and  uron-cased  con- 
crete, 606. 
— ^Timber,  iron,   and    sub- 
merged, 601. 
Frames — Balance  and  stability  o^  178. 
„     of  iron,  542. 
„     of  timber,  465. 
Friction— Coefficient  of,  171, 790,  797 
of  earth,  316. 
of  solids,  171. 
of  water,  677. 
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Gaps  in  station  lines— To  measors.  24. 
Gates  of  locks  and  basins,  748,  765. 
Gathering-sround,  677. 
Gftuze— Railway,  656,  666,  798. 
Geodesy— Engineering,  1, 9, 
Geostatic  arch,  212, 420. 
Girder— Bowstring — Iron,  563. 

„       —Timber,  488. 
— Continnous,  287. 
— Iron  braced,  548. 
—Lattice,  480,  558,  562. 
— Timber  braced,  478. 
„      —Tubular,  581. 
„      —Zig-zag,  or  Wairen,  549, 561. 
Gneiss,  856. 
Gradient>posts,  671. 
Gradients  of  railways,  641. 
„       of  roads,  628. 
„       — Rnling — in  genecal,  6S2. 
Granite,  855. 
Granwacke  slate,  359. 
Gravity— Centre  of,  152. 

„      —Specific,  151, 199. 
Greeoheart,  446. 
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Greenstone,  358. 

Groins  in  river-channels.  Til* 

„     on  the  coast,  760. 
Gypsom,  875. 
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HAHBOUR-irarki,  782, 768L 
Hardness  of  water,  737. 
Headings,  594. 
Head  of  water,  672,  732. 

„    —Loss  of,  67^ 
Heaviness,  151. 

Heights  of  moduli  of  strangA,  28QL 
Hill-sketching,  96. 
Hoop-iron  bond,  396. 
Hornblende,  354. 

„         slate.  357. 
Horses— Power  of,  624^  637,  743,  752, 
Hydraulic  lime,  870. 

mean  depth,  678. 
mortar,  872. 
pressutk  675,  8U3,  804^ 
If        press  cyliadera,  228,  S^X 
Hydraulics— Principles  of,  672. 
HydrosUtic  arch,  208,  212,  419. 
Hydrostatics — Principles  of,  164^ 
Inkbtia — Moment  or,  288. 
Iron,  494. 

„    arched  ribs,  538. 

„    bars— Forms  of,  517. 

„    beams— Cast,  524. 

„    beams— Malleable,  526L 

„    bowstring  girder,  562. 

„    braced  areh,  566. 

n    braced  girders,  548b 

„    bridges,581,538,542,  548,  578^583. 

„    —Cast,  498. 

— Cast— Expanalonof— l>yheat,50S, 
804. 
„    — Cast— Strengjaiof;499,7e7,769L 
I,    castings,  502,  o04. 
„    chams,  519. 
„    -Corrosioii  and  uswivation  0^462, 

514,  793. 
„    fastening  515*. 
„    foundations,  60L 
„    frames,  54^ 
„    — Impurities  of,  497. 
„    —Malleable,  608. 
„    -MaUeable  cast,  68r. 
„    — Malleable-StrcqgMi  of,  508. 571^ 

587,  790. 
„    ores,  491 

„    piers,  570. 

„    pipes,  720, 7)» 
„    putforms,  541. 

RoMluMAAf     IMS 

„  — Besilieiiosof^eiJL 

„  roofs,  546L 

„  scale,  in  mortn;  872. 

„  sheet-piles,  606. 

„  —Steely,  507. 
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Iron— Strengih  of  stMlr,  790. 
„    —Straogth  of  weki  in,  620. 
.,     strats  and  piUan,  520,  621, 796. 
«    tie8.6ia 

tobolar  drden,  681. 
tabular  Rmndatioiia,  607, 791. 
wire  caUes,  619. 
— Wroa^l^  608. 
Imgation,  780. 
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Jabbah  timber,  446. 
Jogglea,  465,  468. 
Jomta,  181,  468,  615. 

„       ofmptQr«,421, 
Jumper,  332,  844. 


Kaoun  or  poroelaiii  olaj,  864. 
Key-atone,  425. 
Kiln— Lime,  869. 
Kilometre,  4. 
King  poet,  459. 

Laboub  of  brickwork,  896. 

„       of  earthwork,  886, 841,  844. 
„        of  maaoniy,  889. 
„       of  mixing  mortar,  878. 
„       of  mining;,  595,  599. 
„        of  quarrying,  8i6. 
Laggings.  415, 487. 

Lake,  how  converted  into  a  reserroir,  707. 
Land-carriage — Lines  of— in  general,  619. 
Larch,  448. 
Latitude  of  a  place— To  find,  129. 

„       — Length  of  a  minute  of,  46. 
Lattice  girder,  &0, 658,  662. 
Lead,  468. 584,  801. 
Leof^ — Measores  o^  2. 
Levd,  80. 

—Spirit,  80. 
surface,  2. 
„     —Water,  98. 
Leve^book  of  working  section,  lU. 
Levelling,  1,  80,  83. 

by  the  barometer  and  thenaom- 

eter,  91,  789. 
by  the  plane-table,  91. 
by  the  theodolite,  90. 
,         staff,  82. 
Levels— Flying,  9,  98. 
Lever,  141. 
Lewis,  891. 
Lighthouses,  618,  766. 
Lime— Carbonate  of,  862,  865,  869. 
„    —Hydraulic^  870. 
M   —Pure,  rich,  or  fat,  369. 
„   — Silicate  of,  363. 
Limestone — ^Analysis  of,  867. 
„        — Compact,  869. 
,,        — Ciysulline*  859. 
,y        — Granular,  860. 
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Limestone — ^Hagnesiaii,  856,  8601 
Line  of  action  ora  fbrca,  184. 
Linear  aroh,  202, 218. 
Load,  182,  247. 
Loam,  363. 
Locks  of  canals,  746L 
„     of  docks,  766. 
„     of  rivers,  762. 
Looomotive  engines— Adherion  of  640. 

—Power  exerted  by, 

645,802. 
— Weightof,640,794. 
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Maovuia,  868. 
Maenesian  limestone,  855,  860. 
Mahogany,  445. 
Malleable  cast-iron,  587. 

„       iron,  503. 
Marble,  859. 
Marine  surveying,  117. 
Marl,  868. 
Masoniy,  849. 

—Ashlar,  884. 

— Authorities  on^  486. 

built  under  water,  618. 

— Construction  of,  882. 

— Instruments  used  in  bnilduuL 
891. 

—Labour  of,  389. 

— Mensuration  of,  392. 

—Rubble,  886. 
„       — Subility  of,  896. 
Mastic,  376. 
Measures  of  area,  4. 

of  length,  2. 

of  pressure,  161,  672. 

of  volume,  4. 

of  weight,  134. 

—Table  of  French  and  British, 
772. 
Mensuration  of  brickworic,  896. 

J,         of  masonry,  892. 
Meridian— Lenf^th  of  arcs  of,  46. 

„      —To  find  the.  71. 
Metals — ^Various— and  alloys,  68^ 
Metallic  structures,  494. 
Meters— Current,  697. 

„     —  Water,  69fl^ 
Mica,  855. 
Mica-slate,  366. 
Mile,  8. 

Mine^ust,  872. 
Minerals  in  stones,  868. 
Mines  or  drifcs,  594. 
Modnlns  of  elasticity,  225,  276, 581, 790. 

of  pliability,  226. 

of  resilience,  227. 
of  resistance,  251. 

of  rupture,  252,  261. 
ot  stiffness,  225,  230. 
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Moment,  189, 240. 

of  inertia,  283,  251« 
of  rebilience,  25L 
of  torsion,  280. 

Mortar,  872. 

,.      —strength  of,  874* 

MortiM  and  tenon,  456. 
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Kails  and  spikes,  460, 68L 
Neutral  axis,  233,  250. 

„      rarface,  249. 
Nia^ra  riyer  bridgea,  578,  582,  798)800. 
Kicking  out,  110. 
Nitro-elyccrine,  348, 796. 
Notch-Doarda— Gauging  streams  by,  681. 
Notches—Discharge  of  water  through,  681. 

Oak,  448. 
OflTseta,  23. 
Offijet-staff,  21. 
Optical  square,  21. 
Ordnance  plans,  5,  808. 
Ores  of  iron,  494. 

Pantooraph,  126. 

Parabola,  188. 

Paralle'cgram  of  forces,  135. 
Parallel  i.rojections,  149. 
I'avemcnts,  6:^8,  680. 
Peat  in  water,  737. 
Permanent  set,  223,  518. 

„         way,  619,  663* 
Piers — Iron,  670. 

„   of  harbours,  765. 

„   of  river  bridges,  717. 

„   of  stone  arches,  428. 

„   —Timber,  483. 
Pig  iron,  498. 
Piles,  602. 

— Bearing,  602. 
—Disc,  018. 
—  Screw,  672,  605. 
—Sheet,  605. 
I*ilc-driving,  602. 
Pillars— Iron,  520. 

„     —Strength  of,  286,  522,  795. 
Pipes— Flow  in,  699,  804. 

„    —Strength  of,  227, 721,  801. 

„    —Water,  720,  795,  805. 
Pipe  drains,  729. 
Pitching,  704, 711. 
Pits  or  shafts,  589. 
Plan,  1, 18. 
Plans — Copying,  125. 

„   — Engravmg,    lithographing,    and 
printing,  125. 

„   — Enlarging  and  redndng,  126. 

„   —Scales  for,  4. 
Plane-tal  le,  77,  91. 
riani  meter,  84. 
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„    —Iron,  505. 

„    ^Strength  of  iron  and  EteeL  511, 
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—Load  on,  466,  581. 
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„       —Timber,  465, 
Platometer,  84. 
Pliability,  224. 
Plotting  angles,  74. 

by  rectangular  co-ordtnatei^  76L 
chained  survey,  31. 
„      section,  90. 
Polygon  of  forces,  136L 
Porphyry,  858. 
Potash,  353. 

„      —Silicate  of,  868. 
Pound- Foot,  139,  244. 
„     — Standard,  184. 
Pozzolanas,  872. 

Preservation  of  iron,  4^2,  514,  722,793. 
„  of  stone,  S*i2. 

of  timber,  450,  799. 
Precsure,  133, 162. 

—Centre  of,  163. 
—Hydraulic,  675.  7?1 
—Hydrostatic,  675,  722. 
— Measures  of,  161,  672. 
of  earth,  818. 
of  fluids,  164. 
of  water,  672. 
Projections— Parallel,  149. 
Proof  strength,  221. 
Protractor,  74. 
Puddle,  814. 

, ,       wall,  704. 
Puddling,  504. 
Png.miU,  865. 
Pumping — Drainage  by,  728. 

-Water  supply  by,  784,  801 
Pyntes— Iron,  495. 

QUARRTIHO,  344. 
Quartz,  853. 
Quays— Stone,  766. 

„    —Timber,  710. 
Quoins,  885. 

RAFTRit«,  292, 469. 

Rails,  665, 794. 

Railways,  638,  792,  798,  801. 

— Action  of  brakes  on,  €44, 79ft 

—Ballast  for,  669L 

—Best   positions  for  statiost 

on,  671. 
croasing  other  lines  of  convey- 
ance,  658. 
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Baflways — Cwms  on,  648. 

— Gradients    with     anxiliaiy 

power  on,  645. 
— Jnnctiona   and   connections 

of,  669. 
— Laying  ont  and  fonnation 

of,  66C  7W,  798. 
—Power    exerted    by    loco- 
motives on,  645. 
— Resistance  of  vehicles  on,  683. 
— Bnlmg  gradients  of,  641. 
—Sleepers  for,  664. 
— ^Tractive  force  on,  635. 
Rainirall,  692,  725. 
Rain-gauge,  695. 
Ranjrtng  and  setting  ont,  99, 
Reclaiming  land,  763. 
Reconnaissance,  9. 
Refraction— Astronomical,  129. 

, ,      —  Correction  of  levels  for,  87. 
Regime  of  water  channel,  686,  690. 
Relieving  arches,  412. 
Reservoirs — Appendages  of,  704. 
—Embankments  of,  703. 
—Lake,  707. 
—Sites  of,  701. 
—Store,  699. 

— ^Time  of  emptying  of,  691« 
—Town,  738. 
„      —Walls  of,  707, 780. 
Besihence,  226. 

—Moment  of,  251. 
of  beams,  278. 
of  iron  and  steel,  518. 
Resistance — Moment  of,  251. 

„        of  vehicles,  633. 
Resolution  offerees,  187. 
Resultant  of  forces,  185,  140. 
Retaining  walls — Oonatmction  of,  409. 
„        — StabiUty  of,  396, 401. 
Revdtements,  401. 
Ribs— Arched,  202,  218. 
„   —Bent— of  timber,  464. 
„   — Built— of  timber,  464. 
„  —Pointed,  218. 
I.'ight  angle— To  set  ont  a,  22. 
Rigidity,  224. 
Ringing  engine,  608. 
River  bridges,  717,  798. 
„    diversions,  713. 
„    embankments,  726. 
„    — Improvements  of  channel  of  a,  711. 
„    navigntion,  752. 
„    —Protection  of  banks  of  a,  710. 
„    —Stability  of  a,  708. 
„    snrvevs,  707. 

.  „    —Tidal  channel  of  a,  758,  7C8. 
„    weirs,  713. 
Rivets,  515^  530. 
Rivetted  Jomts,  515, 767. 
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Roads,  628. 

„      — Asphaltic  pavement,  680. 

„     — Broken  stone,  626. 

M      crossed  by  railways,  658. 

„      ^Laying  ont  and  formation  of,  624. 

„      —Plank,  681. 

„      —Resistance  of  vehicles  on,628,79L 

„      — Ruling  gradients  of,  622. 

„      — Stone  pavement,  628. 
Rock  blasting,  844,  348,  796. 

„    blasting  under  water,  616, 796. 

„     boring,  344,  595. 

„    cutting,  317,  844. 

„    foundations,  377. 

„    — Heaviness  of,  348. 

„    quarrying,  844. 

„    — Tunnelling  in,  595, 
Rod  of  brickwork,  896. 
Rood  of  masonry,  392. 
Roofs— Covering  of,  468. 

„    — Iron,  546. 

„    — Timber,  469. 
Roof  trusses,  469. 
Rubble  masoniy,  886. 
Ruling  gradient,  622. 
Rupture— Angle  of,  421. 

„      —Modulus  of,  252,  261. 

Salmon  stairs,  716. 
Sandstone,  357. 
Scales  for  plans,  4. 

„     for  sections,  7. 
Scouring  basin,  764. 

„       of  harbours,  764,  760L 
Screws,  461,  516. 
Screw  piles,  572,  605,  766. 
Sea-detences^  760. 
Seasoning  of  timber,  447. 
Section,  1,  14. 
„      plotting,  90. 
„       —Scales  for,  7. 
„       — Woriting,  11. 
Sections  of  uniform  strength  in  beams,  259. 
Service  pipes,  740. 
Set— Permanent,  223,  513. 
Setting-out  curves,  101,  651. 
levels,  113. 

reservoir  embankments,  702. 
slopes  and  breadths,  11, 113. 
straight  lines,  99. 
tunnels,  114. 
„         works,  1, 11, 99. 
Sewers,  729. 
Sextant,  63. 

„        — Adjustments  of,  65. 
„        — Taking  altitudes  with,  124, 
„        —Use  of,  66.  119. 
Shafts— Sinking  of,  689. 
„    —Trial,  331,  589. 
Shear,  161. 
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Shear  steel,  508. 
Shearing  force,  241. 

„        strees,  167,  231,  2i0, 966. 
Sheet-piles.  605. 
Shells— Spherical,  228. 
Siemen's  process,  798. 
Silica,  352. 
Silicates,  368, 864. 
Siphons  for  drainage,  728^  70« 
Skew  arches,  429. 
Skew-hack,  418. 
Slag,  496. 

Slate— Chlorite,  857. 
— CUy,  869. 
— Graawacke,  359. 
—Hornblende,  357. 
—Mica,  356. 
Sleepers— Ridlway,  664, 799. 
Sluices,  684,  716. 
Soapstone,  357 
SoUds,  164. 

„      —Stress  of,  166. 
Soundings,  121. 
Southwark  bridge,  542. 
Specific  gravity,  151. 
Sphere— Thick  hollow,  229. 
Spring— Resilience  or,  226,  227,  278. 
Springs— Water,  734. 
Stability    and    strength — Snmmary     of 

principles  of,  131, 180,  218,  316. 
Stand-pipe,  735.      ' 
Stars— Declinations  of,  78. 
Stotics,  131. 
Station-pointer,  120. 
Stations  of  railways,  671. 
Steel,  506,  793. 
„  — Resilience  of,  518. 
„  —Strength  of,  509, 587, 767, 790,794. 
Steely  iron,  5U6, 790. 
Stiffness,  133,  224. 
Stinmp  or  strap,  462. 
Stones — Argillaceous,  358. 

—Artificial,  363,  367. 

— Calcareous,  359. 

— Chemical  constituents  of,  851. 

— Expansion  of — by  heat,  363. 

— Heaviness  of,  348. 

— Mechanism  for  moving  large,  890. 

— Predominant  minerals  in,  853. 

— Preservation  of,  362. 

— Siliceous,  355. 

—Strength  of,  860. 

— Structure  of,  349. 

—Testing  durability  of;  861. 
Storage  works,  733. 
Strain,  221. 
Straps — Iron,  461. 
Streams— Flow  of,  686,  690,  792. 
.,      —Floods  in,  696,  726. 

—Measurement  of,  696. 
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Straets — VxTtmrnt  of,  628. 

„       ■KiiDst  sibeanng,  23L 
of  beams,  289,  249,524. 
of  bricks,  866. 
of  brid^,  527.  542. 
of  cast-mn,  499. 
of  centra,  485. 
of  frames,  465,  542. 
of  hoUow  eviindere.  227, 288.  791 
of'  long  piUaxB  ana  stmts,  286, 
520,  795. 
„        of  materials  in  general,  183, 221,  T^i 
„        of  mortar,  cement^  and   em- 

Crete,  374. 
„        of  pipes,  227,  721. 
„        of  platforms,  465,  542. 
„       of  short  jpillare  and  strata,  282. 
of  spherical  shells,  228. 
of  stones,  360. 
of  ties,  226,518. 
of  tie  beams,  474. 
of  timber,  450,  492. 
of  wrought  iron  and  steel,  509, 
587,  /  90. 794. 
Stress — Measures  of,  161. 

„    of  solids,  166. 
Struts,  178. 
Survey — Order  of  operatioos  in,  IL 

„     — ^TrigonometriciU,  68. 
Surveying,  1,  8,  11,  803w 
— Marine,  117. 
— Water- channels,  707. 
— Water-gathering  gronnd, 

693. 
with  angular  instrmneotSi  91 
with  the  chain,  17. 
Sospaisioii  aqueduct,  745. 

„         bndge,  188,  578. 
Swing  bridge,  746. 
Switdies,  670. 
Syenite,  855. 

Tables  of  action  of  tnmsvene  load,  245. 
„     of  available  rainfall,  696. 
^      of  canal  supply,  751. 
„      of  catenarian  curves,  435. 
y,     of  oo-efBdent  of  friction,  172, 316. 
„     of  dimensions  of  suspension  brid^ 

582. 
„     of  French  and  British  msasDrtt, 

772. 
, ,     of  heaviness  of  rock,  S48. 
„      of  mixtures  of  iron,  500. 
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of  moments  of  resistance,  254. 
of  properties  of  timber,  452, 491 
of  root  material,  468. 
„     of  squares  and  fifth  powoa,  TTd 
of  star  declination,  73. 
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Tables  of  stone  ercbes,  426. 

of  stren^h  of  cast-iron,  500,  602. 
of  strength  of  materials,  452,  767, 

771. 
of  strength  of  stones,  861. 
of  strength  of  wronght  iron  and 
steel,  510,  514,  587, 790. 
.,      of  strength  of  wrought  iron  stmts, 
522, 795. 
of  stresses  in  Warren  girders,  556. 
of  uniform  strength  in  beams,  260. 
of  velodties  of  currents,  708. 
„      of  water  supply,  781. 
„     of  weight  or  earthwork,  317. 
„     of  weight  and  specific  gravity,  778- 
775. 
Tslo,  857. 
Teak,  446. 

Temperatnre^Expansion  and  contraction 
due  to,  281,  462,  508,  525, 
527. 
„  —Straining  effects  of,  462, 

503,  539,  540. 
Tempering  of  steel,  507. 
Tenacity  of  materials,  767. 
Tension,  134, 161. 
Thames  TunneL  599. 
Theiss  railway  bridge,  565,  572. 
Theodolite,  53. 

„         — Adjustments  of,  58. 
Thrust,  184, 161. 
Tidal  channels,  758,  766. 
„    drainage,  727,  741. 
Tide-gauges^  118. 

Tides — Action  of —on  coasts  and  harbours, 
759,  766. 
„    — Description  of,  756. 
Tie-line  in  sunreying,  24. 
Ties,  173. 

„    —Strength  of,  226,  518. 
Timber,  437. 

„       — Appearance  of  good,  441. 
„       bridges,  465,  475,  481. 
„       —  Durability  of,  449. 
„      ^Examples  of,  442,  446. 
„       —Felling.  447, 
„       firames,  465. 
„      piers^  483. 

platforms,  465. 
—Preservation  of,  450, 799. 
— Seasoning,  447. 
-Strength  o^  450,  451. 
M      trees,  is?. 
Tin,  585. 

Torsion- Moment  of,  280. 
Traction  engines,  795. 
Tractive  force,  635. 
Training  dykes,  764. 
Tramways,  632,  799. 
„         — Wire,  79U 
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TransformatioDs  of  arches,  202. 
„  offerees,  140. 

„  of  frames,  199. 

Transit  instrument,  99. 
Trausverse  load,  239. 

„         strength,  249. 
Trap  rock,  366. 
Travelling  load,  247. 
Traverser,  670. 

Traversing  surver,  10, 13, 70,  75. 
Trees— Timber,  439. 
Treenails,  459. 
Trial-pits^  589. 
Trial -sections,  10. 

Triangles  —  Approximate     solution     of 
spherical,  51. 

„        — Solution  of  plane,  42. 

„        —Solution  of  spherical,  46. 
Triangnlation,  12,  68. 
Trigonometrical  formnlss — Summary  of, 

86. 
,,  survey,  68, 

Trigonometry — Use  of,  9. 
Truss,  183. 

„     bridge,  475. 
Tunnels — ^Arching  of,  483. 

„      — Construction  of,  588,  802. 

„      in  dry  and  solid  rock,  595, 

„      in  dry  fissured  rock,  596. 

„      in  mud,  599. 

„      in  soft  muterfals,  596. 

„      of  canals,  745. 

„      — Setting-ont,  114. 

„      —Thames,  599. 
TumUble,  670. 

Underpixkino,  592. 
Unit  of  forc»— British,  134. 
„         —French,  135. 

Viaducts,  426,  581,  550. 
Victoria  bridge,  533,  535. 

Warpxno  land,  763. 
Warren  girder,  649,  556, 56L 
Washers,  461. 
Water-channels,  686,  690. 
„  „       — SUbility  of,  708. 

„  .,       —Surveying and  levelling, 

707. 
„     — Compensation,  782. 
„      conduits,  718. 

—Contraction  of  streams  of,  679. 
—Discharge     of —  from     oritices, 
notches,  and  sluices,  681. 
„     distributing-basins,  738. 
„      distributing.pipes,  740. 
„     —Filtration  of,  788,  792. 
„      for  towns— Demand  of,  78CL 
,y     —Friction  of,  677,  803. 
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Water  gathering-ground,  G98. 

— Heights  due  to  Telodtiet  of,  67$. 

level,  98. 

— Measurement  tnd  estimation  oL 

692. 
meters,  6^. 

pipes— Cast-iron,  721, 795. 
pipes— Discharge  of,  684,  808. 
pipes — Earthenware,  720. 
—Pumping  of,  728,  734. 
—Purity  of,  786. 
reservoirs,  699. 
supply  from  rivers,  734. 
supply  from  springs,  734. 
supply  from  storage-works,  783. 
supply  from  wells,  736. 
supply  of  canals,  750. 
—Theory  of  the  flow  of,  672, 792. 
Waves— Length  and  height  ot,  755,  766. 
„     —Motion  of,  758,  766.  802. 
„     — Pressure  of,  755. 
Weoping-holes,  409. 
Weight — Measures  of,  184:. 
„     of  bodies,  151. 
„    of  earth,  817. 
„    ofmetab,  774,  790. 
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Weight  of  stones,  848, 774^ 

„     of  timber,  776. 
Wdrs,  681,  689. 
„     in  rivers,  718. 
—Waste,  704. 
War  gauges,  697. 
Welding,  505. 
WeUs,  736. 

W^estminster  bridge,  546. 
Wheeling  earth,  386. 
Whinstone,  356. 
Wind— Pressnre  of,  .S88. 

„        on  brid^ies,  463, 587, 797. 
„        on  chimneys,  777, 788. 
,,        on  lighthouses,  766L 
win  cables,  519,  637,  798-800. 

„    tramways,  791. 
Wood,  437,  452,  492. 

„     screws,  461. 
Working  section  and  level-bode.  111. 
Wrought-ut>n,  503. 

beams,  526. 
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Zio-ZAO  or  warren  girder,  549, 556, 56L 
Zinc,  468, 585. 
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BRIDGE-CONSTRUCTION 

(A  PRACTICAL  TREATISE  ON) : 

Being  a  Text-Book  on  the   Design  and  Construction   of 

Bridges  in  Iron  and  SteeL 

FOR  THE  USE  OF  STUDENTS,  DRAUGHTSMEN,  AND  ENGINEERS. 

BY 

T.  CLAXTON  FIDLER,  M.  INST.  C.E 
Tmitb  Vlumeroud  TSUooDcutd  ant)  \7  Xitbograpbic  platcB. 


The  object  of  this  book  is  to  describe  the  modern  practice  of 
Bridge-Construction,  and  to  set  forth  in  the  simplest  language 
the  mechanical  principles  and  experimental  facts  on  which  it  is 
based  The  design  and  arrangement  of  the  work  have  been 
dictated  by  a  desire  to  render  it  as  useful  as  possible,  not 
only  to  Engineers  or  Draughtsmen  who  may  be  engaged  in  the 
work  of  Bridge-Calculations  and  Bridge-Construction,  but  also 
to  Students.  With  this  object,  the  earlier  chapters  of  the  work 
are  devoted  to  a  simple  demonstration  of  those  mechanical 
principles  which  must  of  necessity  form  the  beginning  of  any 
study  of  the  subject,  and  which  are  more  fully  developed  and 
applied  in  later  portions  of  the  book. 

"  Should  prove  not  only  an  indispensable  Hand-book  lor  die  Practical  Engineer,  but 
Also  a  stimulating  Treatise  to  the  Student  of  Mathematiad  Mechanics  and  Elasticity.**— 
Mature, 

"  One  of  the  very  best  recent  works  on  the  Strength  of  Materials  and  its  application 
to  Bridge^Constraction.    .    .    .    Well  repays  a  careful  study/' — Engitutrimg, 

"  As  an  exposition  of  the  latest  advances  of  the  Science,  we  are  g^ad  to  wdcome  this 
««rell-written  Treatise.*' — ArchitecU 

**  A  Scientific  Treatise  of  great  merit,  which  cannot  but  prove  useful.** — IVetimintier 
Rgrrirw. 

"  Mr.  Fidler's  book  is  one  which  ever^  Student  of  Mechanics  ou^it  to  possess,  and 
«trhich  merits,  as  it  will  receive,  the  appreciative  attention  of  all  practical  iatsi,**-^ccism*m. 


A  full  Prospectus  of  the  aboue  important  work  may  be 
had  on  application  to  the  Publishers. 

EXETER  STREET,  STRAND,  LONDON. 
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of  Chemistty;  Auociate-Member  of  the  North  af  England  Institute  of  ilininy 
Engineers;  Instructor  in  Mine  Surseying  at  the  /format  School 
of  Seitnee  and  RoytU  School  of  Maust, 


Mitb  TlumerouB  Blagrams. 


CONTENTS. 


Gknekal  Explanations—Mbasuremknt  of  Distances— MciKEs'  Dial 
— Variation  of  the  Maonetio-Needle— Subveyiko  with  the  Magketic- 
Nredle  in  the  Phesence  of  Iron— Surveying  ishlth  the  Fixed  Needle 
—The  German  Dial-— The  Theodolite— Traversing  Undbrorounb — 
Surface-Surveys  with  the  Theodolite — Plotting  the  Survey- 
Calculation  OF  Areas— Levelling— Connection  of  the  Underordu^o^ 
and  Surface-Surveys— Measuring  Distances  by  Telescope— Settixg- 
ouT— Mine  Surveying  Problems — ^Minb  Plans,  Etc.,  Etc. 

%*  The  absence  of  any  general  work  on  the  subject  has  long 
been  a  source  of  practical  inconvenience  alike  to  Teachers  and 
Students.  The  present  volume  is  intended  primarily  for  Stadents, 
and  embodies  the  substance  of  the  course  of  instruction  in  Mine 
Surveying  given  at  the  Royal  School  of  Mines.  At  the  same 
time,  it  will  also,  it  is  hoped,  be  found  useful  as  a  companion 
to  the  Standard  Works  of  reference  on  Land  Surveying. 


Opinions  of  the  Press. 

**  It  Ia  the  kind  of  book  which  has  Ions  been  wanted,  and  as  soon  as  it  becomes 
no  English-speaklncr  Mine  Agent  or  Mining  Student  wlU  consider  his  techniol  libraiT 
complete  wlthont  it'* — Natvwe. 

**Mr.  Brongh's  Treatise  not  only  deals  with  the  subject  comprehensiTely'— embracinic  th« 
practice  in  both  Metal-Mining  and  Coal-Mining  at  home  and  abroad— bat  desert  bes  th* 
most  modem  tjpea  of  iriAimment,  and  the  most  approved  methods  of  conductiBg  * 
subterranean  survey.  It,  therefore,  drops  at  once  into  a  gap  In  our  Technical  Liieiasars 
which  has  long  been  waiting  to  reueiTe  fcuch  a  work.**— iKAauswni. 

'*AviUnableaooes8ory  to  Surveyors  in  every  department  of  commercial  enterpriaeL  .  .  . 
The  volume  is  enriched  with  numerous  well-drawn  diagrams.*'— €k>Ui^  Omardi— 

**  Supplies  a  long-felt  want."— /nm. 
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